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Chicago Pumps for Sewage and Sludge 


SCRU-PELLER SLUDGE PUMPS 


The Seru-Peller Pump was specifically 

designed to handle sludge. Coarse stringy 

material is cut and cannot wrap or bind 

the impellers. 

1. SCREW and IMPELLER are keyed 
on the shaft and held firmly against 
a shoulder on the shaft by a nut. 
The screw has two flights; and the 
impeller has two blades. Each flight 
in the conveyor connects directly 
with its own blade of the impeller. 

2. CUTTING EDGES. There are four 
stellited cutting bars and a_ shear 
ring in the screw housing. There are 
four more cutting bars in the pump 
casing. The stellited edges of the 
serew and the edges of the impeller 
blades act against the cutting bars 
and shear ring. completely chopping 
all coarse solid material into small 
pieces that cannot clog or slow the 
pump. 


FLUSH-KLEEN EJECTORS 

FLUSH KLEEN pumps provide auto- 
matic, trouble-free service in sewage lift- 
stations, They require no manual at- 
tention except periodic lubrication and 
inspection. No labor is required for dis- 
assembling and cleaning clogged pumps. 
FLUSH KLEENS are absolutely clog 
proof. The impellers handle nothing but 
strained sewage, minimizing wear and 
maintaining pump balance. They are the 
only absolutely clog proof sewage pump. 
The FLUSH KLEEN will pump any- 
thing that will pass through the pipe 
regardless of type or quantity of material. 


FILLING WET WELL 
1. Sewage flows through inlet pipe. 
2. Coarse matter is retained on 
strainer. 
3. Strained sewage flows through idle 
pump to wet well. 


PUMPING 


3. Strained sewage is pumped from 
wet well. 
2 2. Coarse matter is backwashed from 
strainer, 
4. Special check valve closes; sewage 
and coarse matter are pumped to 
sewers. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 STREST 18, ILLINOIS 
Kleen. Scru-Peller. Prunger | Swine Dittusers Stationary Dittusers. 
and Vertical Non Clogs Mechanica, Com pine 
Welter Sea: Pumping Unite Samplers Commiaurore 
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A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works. 
PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 


EDITORIAL AND EXECUTIVE OFFICES 

By soso Bldg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 
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> 
ot 
: 
2 
. 
3 

§ 
i! 

: 
- 
x 
3 


SEWAGE AND INDUSTRIAL WASTES 


tomorrow! 


People who have switched to 
BUILDERS Visible Flow CHLO- 
RINIZERS are delighted with 
the performance they get from 
these chlorine gas feeders. 
Here are typical comments: 


ed, Ow. 
rs 
ine control valve in @ lor 
wthat chlor great! not deterl- 
chlorinizers iknow it's me 
about i bath ¢corrosive 
ating 

pare Chlorinizers are simple, easy to under- 


stand. Chlorinizers meter and control 
chlorine gas in the dry, non-corrosive state. Chlorinizers have a closed 
chlorine flow line, totally free from stuffing boxes and mechanisms 
needing frequent attention. Chlorinizers have only one vital control 
part, the tantalum-diaphragm chlorine valve with its Hastelloy valve 
pin, silver valve seat, and enameled valve lining. 
These are the big values you get in Builders Chlorinizers .. . 
and they’re sure to save you maintenance for years to come. 


Chlorinizers are available in three volumetric models — for any 
chlorination service: 

Up to 400 Ibs./day ... Model DVSX ... Bulletin 840-F2A 
Up to 2000 Ibs./day...ModelCVS  ... Bulletin 840-F1 
Up to 6000 Ibs./day ... Model HCVS ... Bulletin 840-G27 
For Bulletins, address Builders-Providence, Inc. (Division of Builders 
Iron Foundry), 368 Harris Ave., Providence 1, R. |. 


BUILDERS PROVIDENCE 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Arex O. Tayior, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.° 
Harry S. Jorpan, Sec.-Treas. 
c/o Sanitary Engineering Div. 
Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz. 

Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 

California Sewage Works Assen. 
Sam A. WEED, Sec.-Treas. 
Room 315, City Hall 
Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. i 
Toronto 8, Ontario, Canada 
Central States Sewage and Industrial Wastes 
Assn, 
A. Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, Ill 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section® 
Cuares E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. Dak. 

Federal Sewage Research Assn. 
Leonarp B. Dworsky, Sec.-Treas. 
c/o Div. of Water Pollution Control 
U.S 


Washington 25, D. C. 
Florida Sewage and Industrial Wastes Assn. 


Perry M. Teepre, Sec.-Treas. 
Florida State Board of Health 


. O. Box 21 
Jacksonville, Fla. 
Georgia Water and Sewage Assn.* 
Storey, Sec.-Treas. 


1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


German Sewage Technologists Association 
Wituetm Bucxstesc, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 

Wakefield, Yorks., England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1 
London, England 


lowa Sewage Works Assn. 
Leo HoLtKampP, Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage Works Assn. 
wicut F. Merzter, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans. 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
Sewerage * 
Grorce L. West, Sec.-Treas. 
Water Dept. 
Lake Charles, La. 


* Sewage Works Section. 


Water and Sewerage 
sen. 
W. M. Binctey, Sec.-Treas. 
2411 N. Charles St. 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missour! Water and Sewerage Conf.* 
ARREN Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
H. B. Foorg, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health 
Helena, Montana 
New England Sewage Works Assn. 
Watter E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
New Jersey Sewage and Industrial Wastes 
Assn. 
Micuaet S. Kacworsky, Sec.-Treas. 
P. O. Box 766 
Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
ALPH C, SWEENEY, Secretary 
c/e State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
— Carolina Sewage and Industrial Wastes 
E. C. Husparp, Sec.-Treas. 
North Carolina State Board of Health 
Raleigh, N. C. 
Ohlo Sewage and Industrial Wastes Treat- 
ment Conf. 
J. E. Ricuarps, Acting Sec.-Treas. 
301 Ohio Depts. Bldg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 


B. S. Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Asen. 
Atvan R. Pierce, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 
San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg. 
Denver, Colorado 
South Carolina Water and Sewage Works 
Asen.* 


W. T. Linton, Sec.-Treas. 
Wade Hampton Bldg. 
Columbia, 
Swiss Assn. of Water and Sewage Profes- 
sionals 
Water Darper, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Euvers, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
sen. 
G. R. Tatcorr, Sec.-Treas. 
815 E. Franklin St. 
Richmond 19, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
O. Fortney, Acting Sec.-Treas. 
State Dept. of Health 
Charleston, W. Va. 
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1. Steel plate tube with cast 
iron throat section for measure- 
ment of clear water, air or gases. 


2. Cast iron Venturi Tube with hand 
holes and cleaning valves at main 
and throat sections, for municipal 
sewage and trade wastes. 


3..Cast iron Venturi Tube with flat 
invert and single cleaning valve 
at main and throat sections. Spe- 
cifically used for sludge. 


4. Cast steel or cast iron Ven- 
turi for hot or cold water and 
adaptable fer boiler feed high 
pressure service. 


pe makes Venturi Tubes for measuring 
cold water, raw sewage, trade waste, sludge, 
process liquor, boiler feed, air and gases. 
These tubes come in many sizes and different designs, some of which are 
pictured above. This means there’s a particular tube to fit specific needs. 
Write, stating your Venturi Tube requirements, to Simplex Valve & Meter 
Company, Dept. 12, 6719 Upland Street, Philadelphia 42, Pennsylvania. 


SIMPLEX 


VALVE METER COMPANY 


WHAT TYPE OF 
VENTURI TUBE 
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MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage and 
Industrial Wastes Association 


Texas Water and Sewage Works 
Association 


New Jersey Sewage and Industrial Wastes As- 


sociation 


Arizona Sewage and Water Works 
Association 


Arkansas Water and Sewage Conference 


Montana Sewage and Industrial Wastes 
Association 


South Carolina Water and Sewage Works As- 


sociation 


Virginia Industrial Wastes and Sewage 
Works Association 


Ohio Sewage and Industrial Wastes Treatment 
Conference 


Alabama Water and Sewage Association 


Pennsylvania Sewage and Industrial Wastes 
Association 


Iowa Sewage Works Association 


Rocky Mountain Sewage Works Association 


Place 


Hotel Statler, 
New York, N. Y. 


Texas A. & M., 
College Station, 
Texas 


Hotel Traymore 


Atlantic City, N. J. 


Maricopa Inn, 
Mesa, Ariz. 


Engineering Building, 


University of 
Arkansas, 
Fayetteville, Ark. 


Northern Hotel, 
Billings, Mont. 


Clemson College 


Spartansburg, S. C. 


Hotel Roanoke, 
Roanoke, Va. 


Commodore-Perry 
Hotel 

Toledo, Ohio 

Pitts Hotel 
Auburn, Alabama 
Pennsylvania State 
College, 

State College, Pa. 
Grinnell College 
Grinnell, Iowa 


Frontier Hotel 
Cheyenne, Wyo. 


Time 


Jan. 17-18, 1952 


March 9-13, 1952 


March 12-14, 1952 


April 3-5, 1952 


April 7-9, 1952 


April 10, 1952 


April 10-12, 1952 


May 12-13, 1952 


May 21-23, 1952 


June 6, 1952 


Aug. 27-29, 1952 


Sept. 9-11, 1952 


Sept. 15, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 

October 6-9, 1952 
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Ideal for small communities, isolated institutions, 


outlying plants |} YEOMANS 
SEWAGE TREATMENT 
PLANTS 
P —Activated Sludge Process 


or Biological Trickling Filter 
THE “PACKAGE” AERIFIER 


Many small communities and outlying institutions, com- 
pelled to purify wastes but lacking an ample supply of 
diluting water, have found in the Yeomans “Package” 
Aerifier an ideal answer to a critical problem. 


Compact, exceedingly efficient in purification, unique for low construction and operation costs, 
this activated sludge plant provides aeration and final sedimentation in a single concrete unit. 
Operation is as simple as possible, with supervision limited to routine check-up. Every installa- 
tion includes final adjustment, initial tested operation, thorough training of operators and con- 
tinuing counsel from Yeomans engineers. 


“WATER-WHEEL” DISTRIBUTOR 


Operating in conjunction with a primary sedimentation § 
tank, the Yeomans “Water-Wheel” Distributor applies 
settled sewage to a trickling filter—with unfailing de- 
pendability. Sewage flows into the rotating trough, and 
is spread evenly on the filter bed through V-notches and 
spreader plates. The trough is actuated by a water-wheel | 
and bevel gearing. Filter beds range from 5-foot to 25- ~ 
foot diameters; and the entire area is effective for treat- 
ment. Continuous positive distribution is assured at all 
rates of flow—which does away with the need for dosing . 
chambers and siphons. There is none of the clogging and cleaning of spray nozzles often re- 
quired with reaction distributors; and elimination of accessories saves as much as the entire 
cost of the complete Water-Wheel installation. Maintenance is extremely simple. Numerous 
Water-Wheel plants—small communities, hospitals, airports, industrial plants—provide im- 
pressive proof of this unit’s extraordinary efficiency. 


Helpful engineering data on these Yeomans plants 
will be sent promptly upon request—no obligation. 


PUMPS FOR BUILDINGS, MUNICIPALITIES, INDUSTRIAL APPLICATIONS 
} and @ complete line of Sewage and Waste Treatment 


Yeomans Brothers Company 
1411 N. Dayton St., Chicago 22, tilinols 
follows: 
] Yeomans “‘Water-Wheel” Address 
Distributor 
Yeomans “Package” 
Aerifier City 
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Any sewage and trash 
pump can be clogged! 
But the Fairbanks- 
Morse Bladeless Impel- 
ler Pump is up to 25 
times more “non-clog”’ 
than any other pump. 

WHY? 
The Fairbanks-Morse 
Impeller has no blades! It’s a “‘whirl- 
ing tube” with no blades or projections 
tocatch and hold trash. The Fairbanks- 
Morse Bladeless Impeller Pump rarely 
has to be dismantled to clear “clogged 
impellers.” With previous pumps, they 


® FAIRBANKS- MORSE, 


had to be dismantled as often as twice 
daily. 

For a specific solids size, the Blade- 
less Impeller Pump delivers approxi- 
mately 50% of the capacity of con- 
ventional sewage pumps. Thus, you 
do not flood filter beds in periods of 
low flow. This reduced capacity also 
permits use of smaller driving motors. 

Why not have your Fairbanks-Morse 
Pump Distributor or Local Branch 
Office give you the whole story? Or, 
if you prefer, write Fairbanks, Morse 
& Co., Chicago 5, Ill. 


PUMPS ¢ SCALES ¢ ELECTRIC MO- 
TORS GENERATORS °¢ LIGHT 


@ name worth remembering 


PLANTS @ DIESEL, DUAL FUEL AND 
GASOLINE ENGINES * MAGNETOS 


is 
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—isaNon-Clog Pump? 

tnis | is your answer: 

it | 


Looking for efficient, 
LOW-COST SCREENINGS REMOVAL? 


Immediate, overwhelming acceptance proves new 
LINK-BELT Thru-Clean Bar Screen the answer for 
- — handling screenings from sewage and industrial wastes 


Yes, 36 new Thru-Clean Bar Screens were sold in the 12 

« months following Link-Belt’s initial announcement! Take 
a look at the partial list of installations and the consulting 
sanitary engineers who were responsible for them. 


Then look at the advanced engineering illustrated by the 
photos below. They suggest how this new Link-Belt de- 
velopment can solve the problem of removing screenings 
from sewage or industrial wastes in your plant. 


You can get the complete story by calling your 
nearest Link-Belt office. Or write for Folder No. 
2327. 


A FEW USERS OF THRU-CLEAN BAR SCREENS 
Location Sanitary Engineer 
Union Grove, Wis. . . 
Port Huron, Mich..*..............Drury, McNamee & Porter 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Philadelphia 40, Chicago 9, Indianapolis 6, 
Atlanta, Houston 1, Minneapolis 5, San Francisco 24, Los Angeles 
33, Seattle 4, Toronto 8, Springs (South Africa). Offices in principle 
cities. 12,310-4 


How rakes automatically clean bars “from the back” : 


| 


Segmented steel rake is about to start 
its low-friction vertical movement. 
Entering from downstream side 
(shown), its forward and upward 
force precludes jamming or clogg- 
ing. Travel starts at lowest point 
of channel, catches all solids retained 
by screen. 


Cold-rolled steel bars, uniformly 
spaced, form screen. They are rig- 
idly fixed at bottom of channel, ex- 
tend only 6 in. beyond pivoted plate 
immediately above high water level. 
Simple, rugged construction mini- 
mizes maintenance. Low speed cuts 
power consumption. 


Hinged wiper blade thoroughly 
cleans rake fingers, deposits screen- 
ings in trough for removal to shred- 
der, disposal can or incinerator. 
Note the heavy, long-pitch Link- 
Belt chains, selected for trouble-free 
long life and assyrance of proper 
trave] for rakes, 
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Weir with EVERDUR plate 


This weir, specified by John J. Baffa, Con- 
sulting Engineer, New York, is designed 
to assure sustained and accurate water- 
level control. This, in turn, requires that 
the crest of the plate be capable of retain- 
ing a sharp edge against corrosion and 
erosion, 

Everpur* (ANaconpA Copper-Silicon 
Alloys) was selected as an ideal structural 
material for this design for its corrosion- 
resistant properties, its strength and tough- 
ness and for the ease with which it can 
be fabricated by all conventional methods. 
The ease of machining and welding 
Everdur, for example, permits mounting 
nuts to be welded to the angles which form 


SPECIFY EVERDUR 


ANACONDA 


COPPER-SILICON ALLOYS 


the frame, permitting the use of stud bolts. 
Plate, angles, stud bolts and nuts in this 
design are ail of Everdur. 

Everdur is widely used in sewage 
and waterworks installations, for screens, 
screen enclosures, tanks, hangers, brackets, 
fittings, gates, valves, stems, guides, seats, 
sealing strips, manhole steps and anchors, 
and many other applications for its great 
strength, high resistance to corrosion, and 
its good machining, forging and welding 
properties. For detailed information re- 
garding Everdur, write to The American 
Brass Company, Waterbury 20, Connecti- 
cut. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ontario. 


*Reg. U. S. Pat. Off. 


STRONG— 

WELDABLE— 
WORKABLE— 
CORROSION-RESISTANT 
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Bucket Machines 


47la 


Cleaning Jobs Done Thus Far in 1951: 


For Corps of Engineers, U. S. Army 
City of Kansas City, Missouri 
City of Kansas City, Kansas 
Swift and Company 
Armour and Company 
Cudahy Packing Company 
General Motors Corporation 
Olathe, Kansas 
Belton, "Missouri 
Milburn Country Club 
Council Grove, Kansas 
Procter & Gamble Mfg. Co. 


How the ACE 


Work 


ACE two-way cleaning operation gets 
rid of all debris. No half-cleaned sew- 
ers here! Toughest roots, heaviest 
rocks come right out with the rest of 
the sewage. 


NO JOB TOO BIG—OR TOO SMALL 


ACE mobile service units go anywhere, 
any time. 


Cleans Out ROOTS, ROCKS and SAND 


Safeguard your city or industry against 
improper sanitation. ACE knows the 
pipe-cleaning business, sewer, water or 
culvert! Our rod and bucket operations 
are quick, sure, and they save you 
money! Clip and mail the coupon NOW! 


2 Hours Days 
a Day Every Week 


Sewer and Water Main Cleaning Specialists 


ACE Pipe Cleaning Contractors, Inc. 


2003 Indiana, Kansas City, Mo. 


OK / want to See: 


(J Your new 21-minute movie of the Kansas City Flood.* 
(_) Your Company representative. [_] More details on your service. 


Telephone CHestnut 2819 


Title 


Company or City 


Street__ 


City and State 


1 Neglected city and industrial water 

1 pipes fill with deposits like this—cut 
own service, increase fire rates. Let afterma 

: ACE scour them clean for you. 


* Shows 9 
Taken right on the job! 


i of d July, '51 flood, and 12 of 
termath clean-up of fen cloned sewers, by ACE crews. 
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Flash Drying Unit 
at San Diego Extension 


...almost triples capacity of original installation 


When San Diego’s Bayside Sewage Treatment Plant 
went into operation in 1943 it was equipped with a C-E 
Raymond Flash Dryer Unit designed to handle 63 tons 
of filter cake per day. Shortly after the war plans were 
made to increase the capacity of the plant to meet the 
growing needs of the San Diego area. 

In June of 1950 the San Diego Extension went into 
operation, serving an equivalent population of more than 
500,000. The C-E Flash Dryer Unit at this extension han- 
dles almost double the amount of filter cake as the original 
unit — 110 tons per day. The evaporation rate of the 
second unit is about 5000 pounds per hour. 

San Diego Extension is typical of C-E Raymond System 
installations, now in service in virtually all parts of the 
country, meeting the varying requirements of both large 
and small communities. They are flexible in layout, highly 
efficient and thoroughly reliable; they provide for maxi- 
mum utilization of waste heat. 

The services of C-E specialists are available to assist 
you in finding the best solution to your sludge problem. 
Get in touch with the office nearest to you for prompt 
attention. B-525A 


Representative list of C-E Raymond 
installations since 1945 


BALTIMORE, Md. SAN FRANCISCO, Calif. 
BETHLEHEM, Penna. SCHENECTADY, N. Y. 
BLOOMSBURG, Penna, SHEBOYGAN, Wis. 
CHICAGO, III. WASHINGTON, D. C. 
(W. Southwest) WATERBURY, Conn. 
FOND DU LAC, Wis. | WYOMISSING VALLEY, 


Penna. 
HOUSTON, Texas COLNE VALLEY, England 
LOS ANGELES, Calif. RECIFE, Brazil 


SAN DIEGO, Calif. 
(Extension) 


COMBUSTION ENGINEERING — SUPERHEATER, INC. 
FLASH DRYER DIVISION 


1315 North Branch Street 


Chicago 22, Illinois 


Western Office: 560 W. Sixth, Los Angeles 14, Calif. Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 
ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
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New 


The valves with 


TAPERED PLUG 


for tightest fit 


Nordstrom valves on pump lines in sewage disposal plant. 


LUBRICATED VALVES 


ROCKWELL MANUFACTURING COMPANY 
400 North Lexington Avenue, Pittsburgh 8, Pennsylvania 
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SEWAGE PLANT OPERATORS 


For Clarification or Sludge Drying 


INVESTIGATE THE ADVANTAGES 


in usiInNG GEWERAL CHEMICAL “ALUM” 


Clarification 


Sludge Drying 


Above photogheph ates 
fective coagulathen and dlgrifico 
i i “ ot Clean and easy to handle 


General Chemical Alu 


Dry feeds well or dissolves readily for 
solution feeding 


Requires only low-cost feeding equip- 
ment and minimum attention 


lelps sludge digest readily 

Speeds sludge drying with minimum odor 
roduces clear, low-color effluents 
educes chlorine consump 


conomical to use 


Wherever your plant may be—America over—you will find 
BENG CWELAGCALS General Chemical “Alum” is always the same high quality . . . 

— always uniform . . . always readily available from coast-to-coast 
producing and shipping points. To you, that means increased 
efficiency, stepped-up economy in your clarification and sludge 
drying operations. So be sure. Get the best; specify General 
Chemical “Alum”—the preferred “Alum.” 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany * Atlanta * Balumore ¢ Birmingham © Boston © Bridgeport 
Buffalo * Charlotte * Chicago * Cleveland * Denver * Detroit * Houston 
Los Angeles * Minneapolis New York Philadelphia 
ittsburgh * Providence * San Francisco * Seattle * St. Louis * Yakima (Wash.) 
In Wisconsin : General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited 
Montreal * Toronto * Vancouver 
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It’s one of the largest in the world—the Worthington 
= pump used for water storage at Buchanan Dam on 
fm the Colorado River in Texas. 


There are three 12,500 kva generators at Buchanan 
| Dam. The pump is used in connection with the third 
one. It uses low-cost off-peak energy to store water 
iwhich can be used at times of peak load. 


The cost of running the pump is only one-quarter 
the value of the peak energy it helps to produce. 

This specially-designed pump is rated at 362,000 
gpm under 120 ft head, and is driven by a 13,450 
hp motor. It has a 164 rpm shaft, bottom-suction, 
twin-volute, closed-impeller design. The impeller’s 
center line is 4.75 ft below normal tail water level. So 


Pump Banks Hydro Energy 


at 360,000 gpm—and low cost! 


-ft butterfly valve 


Specially-designed Worthington pump operated by Lower 
Colorado River Authority of Texas, at Buchanan Dam. 


the pump is primed at all times and there is no ¢avi- 
tation of the impeller. 


Standards —Specials—a Complete Line 


It’s another case that proves there’s more worth in 
Worthingion—proves that Worthington can always 
supply the right pump for the job. It makes no differ- 
ence whether tremendous quantities of water are® 
involved as at Buchanan or the relatively smaller 
amounts required by the average municipality. With 
the broadest and most complete line in the world, it 
is often possible to select or adapt a standard model 
to meet specifications. For detailed information, ad- } 
dress Worthington Pump and Machinery Corpora-j 
tion, Public Works Division, Harrison, N.J. 
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SEWAGE AND INDUSTRIAL WASTES 


This new publication describing 
meters for sewage, industrial 
wastes, sludge and irrigation 
water should be part of your 
file on ftow measurement. Ask 
for Bulletin 62. 


FEATURES of 
BAILEY OPEN CHANNEL METERS 


1. Low Cost 

2. Easy to Install 

3. Easy to Maintain 

4. Retain Accuracy 

5. Self-Cleaning 

6. Adjustable Capacities 

7. Indicate, Record and Integrate 

8. Totalize Multiple Flows 

9. Rate of Flow and Ratio Controls 
10. Simple Chemical Feed Controls 


BAILEY METER COMPANY 


1066 IVANHOE ROAD ° CLEVELAND 10, OHIO 
Meters and Controls for Sewage and Water 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES @ DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS © AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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Ramuc Utility. A glossy, chlorinated 
rubber-based enamel for non-sub- 
merged steel, concrete and masonry. 
Adds a lasting tile-like finish to walls 
and ceilings. 


Glamortex Enamel. An alkyd resin 
enamel. Gives a bright, durable, 
mar-resisting finish to machinery, 
equipment, railings, piping and other 
non-submerged metal surfaces. 


DURABLE 


| INERTOL 
PAINTS 


specified 


Chosen by Banister Engineering Co., St. Paul, Minn., 
for use throughout this modern sewage plant 


Developed especially for sewage dis- 
posal plant application, Inertol Paints 
meet exactly requirements of hardness, 
elasticity, chemical inertness and beauty. 
Inertol specialized coatings mean long- 
range economy, quality performance— 
and resulting customer satisfaction. 
Each product has been proved in hun- 


dreds of installations throughout the 
country. Our Field Technician will be 
pleased to discuss the Inertol line fully 
with you at your office. Or write today 
for the “Painting Guide,” an invaluable 
aid to Design Engineers, Specification 
Writers, Contractors and Plant Super- 
intendents. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 South Park, Department 2 
San Francisco 7, California 


at Ladysmith, Wis., Plant 


or 
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AEROBIA 
thrive with 


recirculation 


and positive 
aeration 


To give Worcester a modern 20,000,000 g. p.d. 
treatment plant, consulting engineers replaced 
1925 equipment with the Infileo Accelo Filter system 
with direct recirculation and positive aeration. 

The system has 8 rotary distributors 176 ft. in 
diameter with aero-spray nozzles. Excellent 
distribution is obtained over filter surfaces with 
vigorous growth of bacterial gel. Three Infileco PD 
Clarifiers (foreground) provide effective 
final sludge removal. 


how Worcester, Mass., modernized 
1925 Sewage Plant with an 


Accelo Filter system 


Specify Infilco for: 


Increased Filter Efficiency 
No Increase In Ctarifier Size 
Increased Capacity 
No Clogging, Sloughing 
Or Ponding 
No Odors 
Reduced Psychoda Fly Nuisance 


INFILCO INCORPORATED | Tucson, Arizona 


BETTER WATER CONDITIONING 


ANDO WASTE TREATMENT SINCE FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 


World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 


478a 

TRICKLING ) 

E 

: 


OFFICES IN ALL PRINCIPAL CITIES 
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See 
General 
American 
for 


CREATIVE 
FILTER 
ENGINEERING 


iL “a 


a 66 Conkey Sludge Filters now 


installed in one plant of 
Chicago Sanitary District 


The West-Southwest Treatment 
Works of the Chicago Sanitary Dis- 
trict is the largest sewage treatment 
plant in the world. Here, the huge 
volume of industrial and residential 
waste from the heavily populated 
metropolitan area has presented 
sewage engineers with an unparal- 
leled challenge. Progressively, the 
Chicago Sanitary District has met 
that challenge. Starting twenty 
years ago with installations of con- 
tinuous vacuum filters for activated 
sludge, Sanitary District engineers 
have developed the most exacting 
specifications and rigid requirements 
for filter designs and performance 
. .. culminating in the installation 


Other 

General American 
Equipment: 
Turbo-Mixers, Evaporators, 
Dewaterers, Dryers, 

Towers, Tanks, Bins, 
Pressure Vessels 


PROCESS EQUIPMEN 
DIVISION 


of 66 Conkey Rotary Drum Vacuum 

Filters for this largest single instal- 

lation in the sewage field. 

These Conkey units incorporate: 
Polystyrene plastic cloth backing 
drainage plates for long cloth life 
and low maintenance. 

Floating cake discharge scraper. 
Protective coatings for filter 
components. 

—and other superior design and 

constructive features. 

For equivalent Conkey design and 
fabrication for your filter installa- 
tion, write General American. Ask 
for bulletin No. 100 or for a consul- 
tation with one of our engineers. 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 


Sales Office: 10 East 49th St., New York 17,N. Y. 
General Offices: 135 S. LaSalle $t., Chicege 90, ill. 


In Canada: Canadian Locomotive Company, Lid., Kingsten, Ontario 
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to aid peak 


defense production 


Collect and Sell 


your lron and 


Steel 


Mr. Q-Check says dig for scrap metal 
—search every nook and corner of your 
pipe yard—-scrape the bottom of the bar- 
rel! For iron and steel scrap is critically 
needed to aid peak defense production 
in steel mills and iron foundries. 


The average pipe yard has some or 
all of the following sources of scrap 
metal, according to whether pipe is used 
for water, gas, sewerage or industrial 
service: 


Obsolete fittings; cut pipe (short pieces 
of distribution or service pipe); damaged 
hydrants, valve boxes, manhole covers, 
etc. It all adds up to a vital contribution 
to defense production. 


Collect your scrap now. Phone your near- 
est scrap dealer. He wants what you have 
but quick, and pays good cash prices. 


CAST IRON PIPE RESEARCH ASSOCIATION . . . CHICAGO 
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B.O.D. reduced over 98% 
.. . from 3000 ppm to 33 ppm! 


That's the job this industrial waste treatment plant is doing at the 
L. A. Dreyfus Company in Oaktree, New Jersey. Installed in 
a residential neighborhood, the plant plays an important part in this 
Company’s comprehensive waste treatment control plan. The 
flowsheet includes equalization and pre-digestion in special 30’ dia. Dorr 
Digesters followed by the Biofiltration System using a Dorr 
Clarifier and a Dorrco Distributor. 
There’s no “‘cure-all’’ for industrial waste treatment. But there’s a 
good chance that Dorr’s diversified equipment and diversified 
experience can add up to the right kind of solution. The 


L. A. Dreyfus Company’s installation is just one example. 


If you have a waste treatment problem we would 
welcome the opportunity to work with your con- 
sulting engineers. If you are a consulting engineer 
actively engaged in waste treatment, our experience 


is at your disposal. 


WORLD - WIDE RESEARCH ENGINEERING + EQUIPMENT 


THE DORR COMPANY ENGINEERS STAMFORD, CONN 
Associoted Companies ond Representatives in the principal cities of the world 
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Sewage Works 


DETERGENTS AND THEIR INFLUENCE ON SEWAGE 
TREATMENT * 


By Water A. SPeRRY 


Superintendent, Aurora Sanitary District, Aurora, Ill. 


The word ‘‘detergent’’ is a general 
term derived from the Latin word 
detergere, meaning ‘‘to wipe off or 
cleanse.’’ It applies generally to all 
cleansing agents. In this paper, how- 
ever, it refers only to the modern group 
of synthetic detergents, as contrasted 
with soaps formed by the saponification 
of vegetable or animal fats, and their 
possible effects on sewage treatment. 

The first synthetic detergent ap- 
peared about 1860. It was a sulfonated 
castor oil and was a first attempt to 
overcome the deficiencies of soap when 
used with hard water. Since then, the 
quantity of synthetic detergents pro- 
duced and the variety available have 
so increased that whereas the produc- 
tion of soap from 1935 to 1950 aver- 
aged 2,675,000,000 lb. per year, with a 
range of 2,287,000,000 Ib. (1930) to 
3,303,000,000 lb. (1944), synthetic de- 
tergent production increased steadily 
from 44,900,000 Ib. in 1935 to 1,070,000- 
000 Ib. in 1950. A further increase in 
1951 of 50 per cent (to 1,500,000,000 
lb.) was predicted by Soap and Chemi- 
cals (April, 1951). The only check to 
even greater production appears to be 
insufficient manufacturing facilities 
and raw materials. 

No attempt is made in this paper to 
describe the many types of synthetic 
detergents or discuss their properties 
and special applications. These mat- 
ters have been adequately covered else- 


* Presented at 1951 Annual Meeting, Michi- 
gan Sewage and Industrial Wastes Assn.; 
Grand Rapids, Mich.; June 4-6, 1951. 


where. However, the following general 
group classifications are given: 


1. Cationic compounds—Mostly 
quarternary ammonium compounds, 
such as Raceal and Diaperene, used for 
baby diaper washing. Cationic types 
tend to inhibit bacterial growth. 

2. Anionic compounds—Usually fatty 
alcohol sulfates or sodium alkyl aryl 
sulfonates, such as Swirl, Dreft, Vel, 
Fab, Tide, and the like, much used 
about the house and good for grease 
removal. These compounds do not tend 
to affect bacterial growth. 

3. Nonionie compounds—Derived 
from mineral oils, such as Glim, Igepal, 
or All. 


Properties Affecting Sewage 
Treatment Processes 


As the primary purpose of this dis- 
cussion is to present data taken from 
sewage treatment plant records that 
tend to show the alleged effects of 
synthetic detergents, otherwise known 
as ‘‘surface tension reducing’’ or ‘‘ wet- 
ting’’ agents, it may be well to list 
some of the properties ascribed to these 
agents that would affect sewage treat- 
ment processes. 

These agents do not cause the 
“‘eurdy’’ precipitates that soap does 
with hard water. Therefore, they are 
not wasted, as is soap, when used in 
hard water. They are used more abun- 
dantly in hard-water regions than in 
soft-water regions. Sewage plants in 


soft-water regions would, therefore, be 
1469 
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less affected by any adverse properties 
of these agents. Due to their electrical 
properties and their non-reaction with 
hard water, suspended solids formation 
in raw sewage is reduced and suspended 
solids removal by primary tanks is 
diminished. 

Due to their composition, as com- 
pared with soaps, the 5-day B.O.D. of 
sewage liquors tends to be reduced in 
proportion to the amount of detergents 
present. The process of digestion of 
sludges in digestion tanks is not af- 
fected, but plant operating data seem 
to indicate that the volume of gas to 
be expected is diminished. Due to their 
electrical properties, grease tends to be 
emulsified and carried over from the 
primary tanks to secondary processes. 
Synthetic detergents cause annoying 
nuisance factors in the form of violent 
frothing in those plants that employ 
mechanical types of activated sludge 
for secondary treatment. 

The presence of cationic types of de- 
tergents (such as Diaperene, a quarter- 
nary ammonia type) tends to inhibit 
or check bacterial growth. In the re- 
cently appearing laundries specializing 
in baby diaper washing, this type of 
detergent is used largely for its partial 
sterilizing effect to check skin rashes. 
Its use is spreading to homes with new 
babies, and Diaperene is regularly on 
sale in tablet form at drug stores. 

The presence of detergents in the 
raw water supply, in concentrations as 
low as 1.0 p.p.m., has been claimed (1) 
to cause an increase in the amount of 
coagulant necessary for the proper 
treatment of the water. Such effects 
would also be present in sewage plants 
using a chemical precipitation process. 

Due to the varying types of deter- 
gents, their complex reactions, and their 
interaction on the varied contents of 
sewage liquors, no known tests have 
yet been devised for determining the 
amounts of detergents that may be 
present in a given raw sewage. One 
qualitative test states that if the pH 
of the liquor is reduced to 3.0 and the 


SEWAGE AND INDUSTRIAL WASTES 


December, 1951 


liquor is well-shaken, detergents are 
present if foam develops. 

With these brief statements as a 
background, there are presented some 
plant operating data taken from the 
Aurora Sanitary District records, 
which seem to show detergent inter- 
ference with plant performance. 


Use of Detergents in Aurora, III. 


An estimate of the probable use of 
detergents in the Aurora, IIl., area is 
based on the Brand Preference Study, 
whose source and authority are given 
in Table I, which ineludes a similar 
study for the sister cities of Rockford 
and Elgin, Ill. Table I shows an in- 
creasing preference for detergents for 
fabrie and dish washing for the years 
1947-1950, inclusive. Of the families 
in the area, 8,888 (59.8 per cent) pre- 
ferred detergents over soap for fabric 
washing in 1950. Likewise, 11,474 
(77.2 per cent) of the families pre- 
ferred detergents over soap for dish 
washing in 1950. 


TABLE I.—Brand Preference Data 
(Abbreviated) '—Courtesy, 
The Aurora Beacon News 


Deterge at ; ref rence Water 
| Families | Hard- 

7 —| 1950 } F ness 
1947 |1948 | 1949 | 1950 | 


(a) For Fasrics 
| 
Aurora, 3. .2 | 59.8 | 
Rockford, Ill. | 30. 33.2 | 49.8 | 52.6 
Elgin, Ill. 31.3 | 32.1 | 39.8 


8,888 
19,241 
4,148 


b) For Dish WasHIna 


Aurora, Ill 57.6 | 65.7 | 71.0 4 
Rockford, Il. | 48.1 | 54.6 | 66.9 27, 370 
Elgin, Ill. 43.0 | 46.7 | 42.9 |: 5,628 85 


' Data taken from the 1950 Illinois Consumer 
Analysis, published by the Illinois Daily News- 
paper Markets, Inc., Springfield, Ill. Data 
compiled by Illinois Research and Survey, 
Springfield, Ill. The accuracy claimed by the 
Survey is 0.1 per cent of error. The whole 
table presents the preference of 7 popular 
brands of soap and soap powders and 6 popu- 
lar brands of detergents to a total of 100 per 
cent. Only the combined detergent preference 
is given here. 
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Aurora is supplied with water from 
deep wells in a limestone region. The 
unsoftened water supply averages 370 
p.p.m. of total hardness; therefore, the 
city is in a hard-water region. 

A eanvas of the grocery stores indi- 
cated that the ratio of detergent sales 
to soap sales averaged 75 per cent 
versus 25 per cent. Two stores indi- 
cated 85 to 90 per cent in favor of 
detergents. The wholesale grocery com- 
pany generally confirmed these figures. 
A sampling of housewives as to their 
use of detergents leveled off to one box 
of detergent per week for dish washing 
and one-half box per week for clothes 
washing. 

Each of the three large hospitals used 
soap in the laundry and tri-sodium 
phosphate for the kitchens, but wholly 
on the basis of less cost than for de- 
tergents. Two of the four laundries 
used soap, but one used detergents 
(Orvus) at the rate of 45 lb. per week, 
and one used detergents (4 lb. per 
week) in the dry cleaning department. 
The three dairy companies jointly ac- 
counted for 50 lb. of detergents used 
per week. 

On the basis of 1 lb. per package all 
this sums up to: 


231,000 lb. per year for clothes (8,888 
xX 26 Ib.) 
597,000 Ib. per year for dishes (11,474 
x 52 Ib.) 
2,500 lb. per year for laundries 
2,600 lb. per year for dairies 


833,100 lb. per year 


This gives a total of 833,100 lb. per 
year or, in round numbers, 2,300 Ib. 
per day. On this basis, a concentration 
of 45 p.p.m. of detergents exists in 
Aurora’s average dry-weather flow of 
6.14 m.g.d.* 

* All data in this paper referring to the 
probable use of detergents in Aurora are 
based on packaged material. Mr. Leon Kraus 
of Peoria, who studied this paper, reports that 
Consumers Research Bulletin (Aug., 1950, p. 
21, and Mar., 1951, p. 21) states that the 
active agents in packaged detergents averaged 


o7 


27 per cent and in liquid detergents 53 per 
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In considering the reasonableness of 
the foregoing estimates, it is further 
pointed out that Soap and Chemicals 
(Mar., 1951) carried a tabulation of the 
use of detergents in nine large and scat- 
tered cities for the years 1947-1950. 
These figures show that the use of deter- 
gents for fabric cleaning has increased 
2.9 per cent per year since 1947 and 
stood at 37.3 per cent in 1950. For dish 
washing, the increase in detergent use 
was 6.8 per cent per year since 1947 
and stood at 56.8 per cent in 1950. 
These figures, however, were for 
country-wide use, including soft-water 
areas, whereas the Aurora figures are 
for a specific study in a hard-water re- 
gion. Also, Chemical Week (May, 
1951) tabulates 18 widely diversified 
industries, ranging from drugs and ¢os- 
metics to metal-working industries, that 
are finding uses for surface-active 
agents. This statement would account 
for additional discharges of detergents 
to sewers that cannot readily be esti- 
mated. 

Effects at Aurora 


For the past four or five years sludge 
gas production at Aurora so diminished 
as to cause some concern. Aurora’s 
experience seemed to be confirmed by 
the experience of other plants, but the 
cause was generally obscure. At the 
end of 1950 a study was made of all 
the factors having to do with gas pro- 
duction since 1931. It should be noted 
that, in contrast with tables to follow, 
this study was based on annual aver- 
ages and included both the wet- and 
dry-weather flow months. The results 
of this study are presented in Table 
II, which shows a general decline in gas 
production, suspended solids, and 
pounds of primary sludge available 


cent. It is believed that the quantity of 
liquid detergent used in Aurora is not great. 
Based on packaged detergents at 27 per cent, 
the use of active agent detergents in Aurora 
would be 620 lb. per day. This is equivalent 
to 12.2 p.p.m. of active detergent, as against 
13.4 p.p.m. as estimated by Kraus for Peoria. 
It is believed that 10 p.p.m. of aetive de- 
tergent would have deleterious effects on sew- 
age treatment. 
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that are inconsistent with Aurora’s 
population increase and sewage flow. 
The break began in 1946, which was 
about the time when detergents began 
to be generally popular. Later, in 
1949-50, two additional factors loomed 
up, as the routine tests were recorded, 
that seemed to demand an explanation. 
The settleable solids (1-hr. Imhoff cone 
test) seemed low and the free ammonia 
in the effluent was distinctly high. 
Simultaneously, the character of the 
slimes on the filter stone changed, in 
that the knots of Lumbiculus, always 
heretofore abundant, disappeared. No 
explanation of this phenomenon was at 
hand. Tests for cyanides proved nega- 
tive and Aurora has no plating or cop- 
per-working industries sufficient to ac- 
count for enough copper or chromium 
to have caused such an effect. 

A further study of the records based 
upon dry-weather flow months only, to 


TABLE 


| Susp. 
Sewage Sol., 

fall Flow Raw 

(in.) | (m.g.d.)| Sewage 


Rain- 

(p.p.m.) 


Pri-Sec. 
Sludge 
(Ib./day) 


Pop 
1,000 


3500 
4000 
3500 
4080 
1935 4220 
1936 
1937 
1938 
1939 
1940 


5440 
6340 
6460 
6220 
6400 


1941 
1942 | 
1943 
1944 
1945 


6610 
7500 
6750 
7340 
7400 


oa 
for) 


1946 
1947 
1948 
1949 | 
1950 


to 


8490 
7920 
7510 
34.1 | | 6360 | 
| 57. 36. “ 9 | 8410 

| | 


| 
| 
| 
| 
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get equal concentration and uniform 
raw sewage quality, was made for the 
years 1928 to 1950, inclusive. The re- 
sults of this study are presented in 
Tables III and IV. Table III records 
the settleable solids, suspended solids, 
5-day B.O.D., and free ammonia for the 
raw, clarified, and filtered sewage liq- 
uors. Table IV records the gas pro- 
duction history. Both tables show a 
distinct break in the records between 
the years 1948 and 1949. Also, it 
should be noted that, due to including 
only dry-weather flow months, there is 
a very satisfactory consistency of all 
values shown for the two periods con- 
trasted. 

In Table I it will be observed that 
the preference for detergents in Aurora 
noticeably increased in 1949 and 1950. 
As shown in the summary comparisons 
of Tables III and IV, settleable solids, 
suspended solids, 5-day B.O.D., and gas 


| Total 
1(108 eu. 


| Per 
| Sl. SI. ft.) 


Capita 
(cu. ft.) 


(Ib./day) 


(cu. ft.) 


0.70 

0.70 
0.60 
0.80 
0.70 


10.6 | 
12.3 
10.3 
13.3 
11.6 


2470 
2700 
2350 
2940 
2820 


3900 
4840 
4790 
4830 
5280 


16.7 
18.1 
17.3 
18.5 
20.2 


1.00 
1.00 
1.00 
1.00 
1.13 


58.2! 
54.7 

39.8) 59.6 
61.9 


5060 
6160 
5800 
5955 


6080 


| 60.3 
62.6 
| 62.4) 
63.3] 
64.5 


17.8 
19.6 
17.8 
19.2 
17.0 


1.00 
1.10 
0.95 
1.03 
0.91 


6780 
6250 
5770 
5060 
6220 


3.1] 62.8] 
3} 60.2! 
53.1) 

39.0) 54.4) 
| 56.4 
0 | 


18.1 
16.4 
19.3 
14.8 
10.9 


0.92 
0.80 
0.94 
0.72 
0.52 


1 Single-stage digestion from 1931 to Aug. 1, 


Secondary settling basins installed Jan. 1, 1937, increasing volume of sludge to digesters. 


based on annual totals or averages for each year. 


1936; two-stage digestion from Aug. 1, 1936 on. 
Table 


- 
Ml Il.—Factors in Gas Production at Aurora, Ill., Sewage Treatment Plant! 
+ | | a | | | Vol. (%) | Gas : 
| | Nol. in | Dis 

(°F.) 

67.5 12.5 | 88 
| 67.0) — 12.0 | 84 
72.1) — | 12.5 | | 89 
| | 11.3 85 
| 71.6) — | | 11.7 85 
=H | 10.2 | 84 
dg 9.9 | | 87 

Ad | 10.4 89 
49.0 }41.3 | ga | 167 | 69.5 9.6 87 
a 49.0 | 34.8 7 175 | 72.5 | 88 | | 83 
a 51.0 | 30.4 8 | 174 73.1 | 84 | | 85 : 
51.0 | 25.1 | | 188 74.3 8.7 | | 87 
51.0 |394 | 67 | 196 | | | 74.0 7.6 88 
7.2 86 
| 9.2 | 39 
| 8.0 | | 89 
a | 43 | | 
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TABLE IV.—Study of Gas Production’ 


| 
Flow (m.g.d.) 


7as 
rod. 
(cu. ft./day) 


Year 


1938 
1939 
1940 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
Av.? 


6.223 
5.938 
6.307 
6.477 
6.305 
5.651 
6.154 
6.045 
6.546 
6.277 


6.192 


56,510 | 
59,210 | 
51,370 
50,920 | 
52,800 
58,510 | 
55,500 


1949 
1950 


6.159 
| 5.985 
6.072 


40,800 | 
38,900 | 
39,850 
Comp. — 15,600 

1 Yearly average values. 

2 Average for 10 years. 

3 Total. 

4 Average for 2 years. 

5 Comparison of 1949-50 average with 1938 


production are all lower in the 1949 
1950 period; the free ammonia was 
distinctly higher and, to date, the in- 
erease is completely unaccounted for. 
Any effort to interpret or explain the 
differences shown in the two periods 
compared seems to point to the in- 
fluence of the known presence of syn- 
thetic detergents in the raw sewage. 

With respect to the performance of 
the digesters, it has been stated that 
the process of digestion is not affected 
by the presence of detergents. The 
following data from Aurora experi- 
ence confirms this: 


Vol. Matter 

Ay. Gas 
| Prod 
| (eu. ft./day 


Dig 
Temp 
(°F. 


Prim. 
| Sludge 


Dig. 
Sludge 

1947 

1948 


55,600 
1949 


39,851 
1950 50,00 


| 
69.0 | 
68.6 | 
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for Dry-Weather Flow Months to Show 


Primary Sludge Sec. Sludge 


| | Lb. V.M. 
Ib./day Ib day) | \ | | (cu. ft.) 
7,300 
6,790 
6,360 | 
8,050 
7,680 
7,820 | 
7,890 
8,770 
8,280 
7,807 


7,675 


9.8 
10.2 
10.5 

8.8 

8.6 

9.2 

8.0 

7.2 

7.9 

9.4 

8.9 


6,610 
6,560 
6,440 
6,360 
7,040 
6,680 
6,210 
6,230 


6,390 
7,020 | 
6,700 | 


5,110 
5,620 | 
5,370 | 


—975 | 


— 860 


ge. 


With respect to the possible effects 
of the presence of cationic detergents, 
such as Diaperene, another puzzle is 
presented. For several years previous 
to World War II, careful bacterial and 
coliform tests were made on the sewage 
liquors at 9:30 a.m. and 1:30 p.m. each 
week. The average 24-hr., 37° C. count 
(agar) on the raw sewage for the 
years 1938-1940 was 3,300,000 per c.c. 
at 9:30 a.m. and 3,600,000 per c.c. at 
1:30 p.m. Bacterial counts made on the 
raw sewage between June 6, 1949, and 
January 25, 1950, on grab samples on 
nine scattered days averaged 1,760,000 
per c.c. The range was from 2,600,000 
to 1,080,000 per ¢.c. The average flow 
for the counts made in the prewar pe- 
riod was 7.34 m.g.d.; for the nine days 
tested recently, 7.13 m.g.d. 

A search of the Aurora records for 
grease and scum recovered, in cubic 
feet per day, for the two dry-weather 
flow periods studied gave no results. 
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Bs: Possible Effects of Detergents in Raw Sewage ‘ 

| Total 

Dig | Gas Per : 

| Temp 

| 4 | 55,030 | 85 

5 57,010 88 

8 55,040 | 88 

Bo 2 58.630 89 

89 

| 

7 89 

11 84 

| 93 

= 

| 623 88 | 73.4 988 | 61.8 

68.7 | 1,360 | 54.8 | 8.0 

70.8 1,050 58.9 6.9 
69.8 | 1,210 | 56.9 7.4 

—3.6 | +222 | —4.9 | | —1.5 

18 aver 

Year 
| 86 

a 
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Rockford and Elgin Records 


After investigating the Aurora rec- 
ords, the treatment plants in the neigh- 
boring cities of Rockford and Elgin 
were visited for possibly similar re- 
sults. 

Rockford is a city of about 95,000 
population, with a hard-water supply 
similar to that of Aurora. Its indus- 
tries are more varied and include some 
that produce toxic wastes. The treat- 
ment plant is planned for primary 
treatment only. Recently, its primary 
settling tanks and digester systems 
were materially enlarged. Henry 
Reidesel, chief engineer, and Paul Carl- 
son, operating chemist, were at once 
interested and made a study of their 
records on the same dry-weather flow 
basis as that made for Aurora. In 
fact, they had already had a similar 
suspicion that detergents might be af- 
fecting their treatment. The summary 
comparison from their study is given 
in Table V. 

The city of Elgin has a population of 
about 44,000, with a softened water 
supply (85 p.p.m. total hardness). The 
sewage treatment plant has secondary 
treatment similar to that at Aurora. 
The primary side of the plant, how- 
ever, is a combination of Imhoff tanks 


TABLE V.—Summary Comparison of Oper- 
ating Data for Rockford, Ill., Sewage 
Treatment Plant 


Period 
Item re. Diff. 
1940-48 | 1949-50 
(83 mo.) | (18 mo.) 


Av. dry-weather flow 13. 64 16.15 
(m.g.d. 
Settleable solids, 1-hr.: 
Raw (c.c.) 5.9 6.2 + 0.3 
Clarified (c.c.) 0.14 0.23 
Removed (%) 97.8 96.2 — 16 
Susp. solids: 
Raw (p.p.m.) 223 188 —35 
Clarified (p. P. ne ) 73 70 - 3 
Removed 1% 67.2 62.7 — 4.5 
5-day B. 
Raw (p 188 157 -31 
“larified m.) 101 92 9 
Removed (% 46.2 41.3 — 49 
Gas (cu. ft. /day) 102,840 | 81,350 | —21,490 
Primary sludge (ib./day) 20,290 | 19,640 —650 
Vol. (%) 71.6 70.6 —- 10 
Digester temp. “7. 81.5 78.0 — 3.5 
Gas per Ib. vol. oa ft.) 7.0 5.9 - 11 
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TABLE VI.—Summary Comparison of Oper- 
ating Data for Elgin, Ill., Sewage 
Treatment Plant 


Period 
Item Diff. 
1944-48 | 1949-50 
(43 mo.) | (17 mo.) 
Av. dry- ether dow 4.14 4.27 
(m.g.d.) 
Settleable solide, 1-hr.: 
aw (c.c. 2.2 2.4 + 0.2 
Clarified 4 c.) 0.1 0.2 + 0.1 
Filtered (c.c.) 04 0.9 + 0.5 
Effluent (c.c.) 0.2 0.6 + 04 
Removed, clar. (%) 85.4 81.7 — 3.7 
Removed, filt. (©) 81.7 62.4 —19.3 
Removed, effi. (%) 90.8 75.0 —-15.8 
Susp. solids: 
Raw (p.p.m.) 159 150 - 9 
Clarified (p.p.m.) 78 89 +11 
Filtered (p.p.m.) 46 56 +10 
Effluent (p.p.m.) 39 48 +9 
Removed, clar. (%) 51.0 40.7 —10.3 
Removed, filt, (©) 71.2 62.7 — 8.5 
Removed, effi. (%) 75.5 66.9 — 8.6 
5-day B.O.D.: 
Raw (p.p.m.) 156 181 +25 
Clarified (p.p.m.) 121 136 +15 
Filtered (p.p.m.) 51 66 +15 
Effluent (p.p.m.) 45 61 +16 
Removed, clar. (%) 224 24.8 + 2.4 
Removed, filt. (%) 67.2 63.4 — 38 
Removed, effi. (%) 71.2 66.2 — 50 
Gas (eu. ft./day) 14,100 | 14,900 | +800 
Primary sludge (Ib./day) 1,810 1,830 +20 
Vol. (%) 77.1 76.7 04 
Digester temp. (° F.) 93.0 95.0 + 2.0 
Gas per lb. vol. (cu. ft.) 10.0 10.6 + 0.6 


and separate sludge digestion tanks. 
Some of its industries discharge toxic 
wastes in the form of cyanides, copper, 
and chromium in quantities sufficient 
to affect the operation of the stone 
sprinkling filter beds. Floyd E. John- 
son, district superintendent, cooper- 
ated in this study and prepared a 
similar dry-weather flow study of his 
record for this paper. The summary 
comparison of the Elgin data is given 
in Table VI. 
Summary 


It is believed that the data presented 
herein indicate a new approach to the 
problem of detergent effect on sewage 
treatment. It is based on an analysis 
of plant records, which seem to show 
definite trends toward detergent influ- 
ence. It also presents an analysis of 
the use of detergents in a hard-water 
community, which indicates increasing 
preference over soap in a definite up- 
ward trend. 

Although only two years are shown 
as indicating possible detergent effects, 
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these two years definitely tie in with 
the increasing popularity of detergents 
in 1949-50. Obviously, if the records 
for the next two or three years follow 
suit, the conclusions drawn will be bet- 
ter confirmed. 

The Aurora data show reduced re- 
movals of suspended solids and 5-day 
B.O.D. in the primary tank and in- 
creased loads passed to the secondary 
units. 

The data also indicate decreased gas 
production with normal digester opera- 
tion, consistent with the findings of 
Rudolfs and others. The problem of 
the role that temperature versus gas 
production plays in the digesters has 
been bothersome, although, as the data 
indicate, the average digester tempera- 
tures in the periods studied at Aurora 
were sufficiently close as to rule out 
temperature. 

No explanation is offered of the free 
ammonia increase in the effluent in 
1949-50. Also unexplainable are the 
lowered bacterial counts reported, ex- 
cept as showing the influence of de- 
tergents. 

No experimental work was attempted 
during the preparation of this paper 
because of highly diluted flows result- 
ing from winter and spring rains and 
ground-water leakage. 

Despite the considerable care exer- 
cised to break down and prepare the 
Rockford records, they are not as con- 
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sistent as the Aurora records, although 
they show general trends, especially in 
the matter of gas production. The 
Rockford records differ from those of 
Elgin and Aurora in that the records 
of the latter two cities show very uni- 
form flow conditions and, therefore, 
uniform concentration for the two pe- 
riods contrasted, whereas the rapid 
growth of Rockford caused a consider- 
able variation in flow for the pre-de- 
tergent period (11.3 m.g.d. in 1940 to 
16.4 m.g.d. in 1948), which may have 
masked detergent effects somewhat. 
The Elgin records show the same 
uniform flows and concentrations as for 
Aurora. They include data for the 
effluent sewage as well. The Elgin data, 
however, are more contradictory and 
completely fail to show less gas pro- 
duction. This is undoubtedly due to 
the lesser use (by 20 per cent) of de- 
tergents because of the softened water 
supply. It is also interesting to note 
the effect of advertising in 1947 for 
fabric washing, followed by a partial 
return to soap in the succeeding years. 
For dish washing the gain for the four 
years was only 11 per cent, whereas the 
gain in the other two cities was 24 per 
cent. 
Reference 
1. Cross, J. T., et al., ‘‘ Effects of Synthetic- 
Detergent Pollution.’’ Jour, A.W. 
W.A., 42, 1, 17 (1950); also, ‘‘ Erra- 
tum.’’ Jour., A.W.W.A., 42, 7, 679 
(1950). 
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MECHANICS OF CORROSION OF CONCRETE SEWERS 
BY HYDROGEN SULFIDE * 


By C. D. PARKER 


Senior Chemist and Bacteriologist, Melbourne and Metropolitan 
Board of Works, Melbourne, Australia 


Although papers have been published 
from time to time dealing with various 
particular aspects of the problem of 
corrosion of conerete sewers by hydro- 
gen sulfide, no comprehensive and up- 
to-date review of the subject as a 
whole is available. 

This review and assessment of pres- 
ent knowledge of the whole problem is 
presented, therefore, primarily as a 
basis for a discussion on the necessity 
for further investigation. It also serves 
as a background for discussion concern- 
ing the fundamental reasons for the 
effectiveness of various remedial meas- 
ures. 

In its compilation, the published lit- 
erature has been taken into account 
and the results of a _ considerable 
amount of unpublished work carried 
out in the laboratories of the Melbourne 
and Metropolitan Board of Works have 
been used. 


Conditions for Corrosion 


The most outstanding characteristic 
of this form of corrosion is the fact that 
it only occurs above the waterline. 
There is no attack below daily low- 
water level and the point of most in- 
tense attack is frequently observed just 
above daily high-water level. 

Corrosion does not occur in sewers 
running completely full. For this type 
of corrosion to occur hydrogen sulfide 
(H.S) must be present in the sewer 
air above the free water surface. Cer- 
tain requirements regarding ventilation 
* Presented at a conference of Australian 


sewerage authorities; Melbourne; Nov. 28- 
30, 1950. 
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(or lack of ventilation) and sewer air 
humidity must also be met. 

These points, together with the vari- 
ous detailed processes described later, 


are shown diagrammatically in Figure 
1. 


Products of Corrosion 


The products of corrosion by hydro- 
gen sulfide are characterized ultimately 
by a complete destruction of the 
strength of the concrete, which is re- 
duced to a formless mass. In the early 
stages of corrosion the surface of the 
concrete sewer may develop a fairly 
dry incrustation of corrosion products, 
which later become more moist, and 
the surface eventually shows the com- 
plete disintegration already mentioned. 
Chemical analysis reveals a very high 
concentration of sulfate and the corro- 
sion products are characterized by a 
progressive lowering of pH with in- 
tensification of corrosion. In the final 
stages of disintegration the pH is fre- 
quently less than 2.0. 


Occurrence and Production of H,S 
in Sewers 

As previously stated, it is a primary 
requirement for corrosion that H,S 
shall be present in the sewer air. For 
H.S to be present in the sewer air it 
must arise from the sewage, where it 
may be present either through the dis- 
charge of trade wastes containing in- 
organic sulfides from such industries 
as tanneries and photographie proces- 
sors or through the biological produc- 
tion of H1,S in the sewer itself. 

H,S may be produced biologically in 
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sewers from either or both of two dif- 
ferent sources, as follows: 

1. From compounds (such as eys- 
tine) containing organie sulfur formed 
from the hydrolysis of proteins, by the 
loss of the sulfhydryl group; that is, 


CH 
COOH 


CH: 
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and enter the system either as a soluble 
constituent of the water supply, in 
saline ground water infiltrating into 
the system, or through the use by in- 
dustry of tidal or sea water which is 
subsequently discharged to the sewer. 


CH, — CH + H: + 4H,0 
COOH 


— 2HS + 2NH; + 2CH;COOH + 2H-COOH 


This is effected under anaerobic con- 
ditions by a large number of species of 
proteolytic bacteria in sewage, includ- 
ing FE. coli, Proteus vulgaris, and 
Pseudomonas pycocyanea. 

2. H.S may also be produced by the 
bacteriological reduction of sulfates to 
sulfides by the anaerobie organism 
Sporovibrio desulphuricans. Organic 
compounds formed from the degrada- 
tion of soap, cellulose, starch, and pro- 
tein are oxidized while the sulfate is 
reduced; that is, 


CH;C¢ )H + = 
HS + 2CO, + 2H20 


Both processes take place in the ab- 
sence of oxygen, but the degree of 
anaerobiosis is greater (the oxidation 
reduction potential is lower) during 
sulfate reduction. It is, therefore, 
feasible, as pointed out by Eliassen, 
Heller, and Kisch (5), that H.S pro- 
duction from organic sulfur compounds 
precedes its production from sulfates 
in sewage containing both sources of 
sulfur. 

The organic sulfur compounds from 
which H,S may arise may be present 
in concentrations of 1 to 2 p.p.m. (as 
sulfur) in domestic sewage and 5 to 
10 p.p.m. in sewage containing a sub- 
stantial proportion of industrial wastes. 
Some wastes from industries such as 
abattoirs, gut processing, or wool scour 
may contain 50 to 100 p.p.m. 

The sulfates are present in the sew- 
age almost entirely as inorganic sulfates 


2H, + 2CO, 

The organie matter responsible for the 

reduction of the sulfate is that normally 

present in sewage, but the presence 

of some industrial wastes may increase 

the supply. 

H,S generation in any particular 
sewer will, therefore, arise from either 
organic sulfur or sulfates, or from 
both, depending on the concentration 
of each present. 

The exact site where H.S generation 
occurs in the sewer is a subject which 
has been given considerable attention 
recently. Baumgartner (2) stated that 
H.S production in sewers was increased 
by deposited silt. Pomeroy and Bowlus 
(9) stated that substantially the whole 
of the H.S generation in sewers oc- 
curred in the slime layer which devel- 
oped on the underwater surface of the 
pipe. Heukelekian (6) agreed with 
Pomeroy and Bowlus that H.S genera- 
tion does not occur in the flowing sew- 
age, but differed from those authors in 
claiming that it occurred in deposited 
sludge at the bottom of the sewer. 

Observations in Melbourne indicate 
that slime growths are present on the 
underwater surface of both gravity 
sewers and rising (force) mains. With 
gravity sewers a considerable slime de- 
velopment is formed between daily 
high- and low-water level. In general, 
environmental conditions, bacterial 
eount, and oxidation reduction poten- 
tial are far more suitable for H.S gen- 
eration in these slimes than in the flow- 
ing sewage, and slimes cultured in the 
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FIGURE 1.—Factors in bacterial corrosion of concrete sewers. 


sewer when incubated in the presence 
of sewage in the laboratory generate 
H.S at a rate of the same order as that 
observed in the sewer. 

It would appear that slimes and pos- 
sibly silt deposits do play a significant 
part in the generation of H,S under 
most conditions and that their removal 
may be expected to substantially reduce 
H,S conditions in any given sewer. 


Observations in Perth, Western Aus- 
tralia, by the Metropolitan Water Sup- 
ply, Sewerage and Drainage Depart- 
ment during the first use of a new 
concrete rising main, indicate, however, 
that some H.,S generation can oceur 
where slime or silt deposits are defi- 
nitely absent. 

No satisfactory detailed explanation 
of the microbiochemical changes which 
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occur during the generation of H.S in 
flowing sewage, slimes, or silt has yet 
been advanced. 


Conditions for H,S in Sewage 
Because of Bacteria! Action 

It is obviously of practical value to 
be able to relate the occurrence of 
H.S in sewage in a particular sewer 
with sewage constitution and sewer con- 
ditions such as temperature, ventila- 
tion, sewage velocity, size and shape of 
sewer, and other hydraulic factors. 
Knowledge of such a_ relationship 
would enable one to predict whether 
Hf.S conditions would arise in new 
sewers under a defined set of conditions, 
and the effect of adding a particular 
trade waste on existing H.S conditions 
in an existing sewer line. In the ap- 
plication of partial purification as a 
remedial measure, it would also be use- 
ful in determining the degree to which 
the purification must be carried to just 
eliminate H,S conditions. 

Pomeroy and Bowlus (9) put for- 
ward the proposition that H,S condi- 
tions are only influenced by the B.O.D. 
of the sewage, its temperature, and the 
velocity of flow, and set out a table 
relating velocity to effective B.O.D. 
(B.0O.D. multiplied by a temperature 
factor) for which no build-up in H,S 
would occur. 

As stated by Davy (4) these tabu- 
lated values can be expressed by 


V = 0.137 (Effective B.O.D.) 0.496 


in which ‘‘effective B.O.D.’’ is defined 
as (measured B.O.D.) (1.07**°), t being 
the sewage temperature in °C. 

Davy (4) has shown that a better fit 
to observations made in Melbourne sew- 
ers is given by relating the Reynolds 
number to effective B.O.D. with an 
equation of the form: 


Nr =C E (B.O.D.) 


in which Np, is the Reynolds number, 
C is a constant, A is the cross-sectional 
area of the sewage flow, b is the sur- 
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face width of the flow perpendicular 
to the direction of flow, B.O.D. is the 
measured 5-day B.O.D. at 20°C., 
f(T) is a function of the temperature 
expressed as °C., and n is a constant. 
Such simplified relationships have a 
very definite field of usefulness, but 
should be regarded as a first step 
only in the development of a general 
equation, as they do not take into 
consideration the generally agreed up- 
on fact that H.S conditions are influ- 
enced by the oxidation-reduction poten- 
tial of the sewage, which is in turn 
influenced by the age of the sewage and 
the rate of oxygen solution. They also 
consider only conditions under which 
H.S build-up just fails to occur and 
do not predict rates of H.S inerease 
once the balance point is passed. The 
observed data are also limited to es- 
sentially domestic sewage and it is 
doubtful if such a relationship would 
apply with trade wastes of various 
composition or with partially purified 
sewage effluents. 

It would appear, therefore, that to 
establish a relationship with the widest 
application, further detailed investi- 
gation of the quantitative relation- 
ship between factors affecting each of 
the three separate parts of the prob- 
lem—H.S generation, H.S emission, 
and H,S oxidation—is required. 


H,S Emission from the Sewage 
Surface 

The next stage in the process is the 
evolution of hydrogen sulfide gas from 
the sewage surface into the sewer atmos- 
phere. It is not only sufficient that 
HS be present in the sewage, but also 
requires that it be able to escape into 
the sewer atmosphere. As described 
later, it is the conversion of the H,S in 
the sewer atmosphere into sulfuric acid 
on the above-water walls of the sewer 
which is ultimately responsible for its 
corrosion. The amount of H,S emitted 
from the sewage surface, therefore, is 
obviously one factor in determining the 
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rate at which the concrete will be at- 
tacked. 

The factors influencing the rate of 
emission of H.S include the following: 


1. The concentration of sulfides, or, 
more explicitly, the concentration of 
undissociated hydrogen sulfide in the 
sewage film at the surface, which in 
turn is determined by the total sulfide 
content, the pH, and the presence or 
absence of heavy metal ions, such as 
iron, copper, or zine. 

2. The thickness of the thin ‘‘lami- 
nar’’ layers in sewage and air adjoin- 
ing the sewage-air interface (see figure 
2). The passage of sulfide molecules 
through these layers takes place at rates 
approaching those applying to mole- 
cular diffusion while, in the body of 
sewage and air, these rates of diffusion 
are the very much greater ones apply- 
ing to ‘‘eddy’’ diffusion. The thick- 
ness of these layers is influenced by 
the velocity, size, and shape of sewage 
and air streams, respectively. The 
thickness of the air film is particularly 
influenced by the relative velocity of 
the air to the sewage. 

3. The presence or absence of floating 
and/or adsorbed surface films on the 
sewage surface which may form an 
added resistance to passage of sulfides 
between phases. 


diffusion 
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Some investigations have been made 
in Melbourne with a view to ultimately 
establishing an empirical relationship 
between the rate of sulfide emission 
(per unit of sewage surface area per 
unit of time per unit partial pressure 
potential) and the various influencing 
factors. In passing, attention’is drawn 
to the fact that the processes of oxygen 
absorption at the sewage surface and 
evaporation from the sewage are simi- 
lar in many respects to that of sulfide 
emission. 


H.S Fixation and Oxidation on 
Concrete Sewer Walls 


The further stage of the corrosion 
process is the fixation of the H,S pres- 
ent in the sewer atmosphere on the 
above-water walls of the sewer and its 
conversion to sulfuric acid, followed 
by the attack of the acid so formed on 
the cement constituents of the concrete. 
The conversion of the gaseous H,S to 
sulfuric acid is brought about by bac- 
terial action (7) (8). 

This part of the corrosion process 
may be explained as follows: The ex- 
posed walls of new concrete sewers with 
an initial pH of 11 to 12, on exposure 
to a sewer atmosphere containing hy- 
drogen sulfide, are subject to a two- 
fold chemical change. Normal carbon- 


FIGURE 2.—Transfer of gases between phases, showing factors involved in sulfide 
emission and oxygen absorption. 
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ation lowers the pH to 8.4 (the pH of 
the carbonate-bicarbonate-carbon diox- 
ide equilibrium) and fixation of hydro- 
gen sulfide as thiosulfurie and poly- 
thionic acids further lowers the pH to 
about 7.5. While these purely chemical 
changes are taking place, there first 
oceurs bacterial proliferation of a mis- 
cellaneous group of organisms capable 
of slow thiosulfate oxidation. The oxi- 
dation by this group of the sulfur acids 
formed chemically does little to assist 
the drop in pH and may actually re- 
tard it. As the pH drops below 9.0 
the group of bacteria at present re- 
ferred to as Thiobacillus X (previously 
deseribed as Th. thioparus-like) multi- 
ply and their oxidation of thiosulfate 
and polythionate to sulfur and sulfuric 
acid results in a rapid drop in pH. 
This continues until the pH falls below 
5.0, when Thiobacillus concretivorus 
produces high concentrations of sul- 
furic acid, and the pH frequently drops 
as low as 1.0. The early stage prior to 
the development of the Th. Y group is 
the slowest and the corrosion increase 
in rate with the proliferation first of 
Th. X group and then the Th. con- 
cretivorus group. 

The organisms Th. X and Th. con- 
cretivorus responsible for acid forma- 
tion from H.S are what is known as 
autrophie bacteria, that is they are 
capable of growth and biochemical ac- 
tivity in the complete absence of or- 
ganic compounds. Their only require- 
ments for growth are some source of 
sulfur, such as H,S, free sulfur, thio- 
sulfate, or polythionates as a source of 
energy ; carbon dioxide for the develop- 
ment of protoplasm ; oxygen; and small 
amounts of mineral salts, such as am- 
monia, phosphate, and magnesium. 
They also require sufficient water in 
which to proliferate. 

Under sewer conditions where these 
bacteria are active and corrosion is 0c- 


curring, these growth requirements are 


met in the following way. The oxygen 
is a normal constituent of the sewer 
air, H.S is a necessary prerequisite for 
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corrosion, and CO, is usually present 
in the sewer air in concentrations 
somewhat greater than the atmospheric 
air. Ammonia is also present, due to 
emission from the sewage, and is fixed 
on the acidie corrosion products. The 
phosphate and magnesium comes by so- 
lution from the cement in the concrete, 
but may also be derived to some extent 
from the sewage by diffusion. The wa- 
ter is derived from the moisture in the 
sewer air. 

The rate of activity of the corrosion 
process being influenced by any of 
these various factors, it may also be 
limited by any one of them. Thus, 
other factors being optimum, the rate 
of acid formation may be determined 
by the concentration of H,S in the 
sewer air. It may also be influenced 
by the concentration of CO, and of am- 
monia. It may also be determined by 
the moisture content of the corrosion 
products, which is in turn influenced by 
the relative humidity of the sewer air 
and the diffusion of water up from 
the sewage surface by capillarity. It 
may also be affected by the availability 
of phosphate and magnesium from the 
concrete being attacked or from the 


sewage. 


Attack of Acid on Concrete 

The final stage is the reaction be- 
tween the sulfuric acid formed by bac- 
terial oxidation of the H,S in the sewer 
air, with the cement constituents of the 
concrete; this is ultimately responsible 
for the disintegration observed. 

The nutrient requirements of the bac- 
teria involved are of a general nature 
and in general the amount of acid 
formed on different concrete surfaces 
exposed to the same aggressive atmos- 
phere should be the same. This state- 
ment should be qualified by saying that 
should the rate of corrosion be greatly 
inhibited it is possible that the rate of 
supply of lime may be insufficient to 
neutralize the acid formed and the bac- 
terial action may be slowed down by 
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the intense acidity which would build. 


up under such conditions. 

Even with constant acid formation it 
is possible that conerete of different 
mix or cement of different chemical 
composition will be attacked at differ- 
ent rates under identical conditions in 
the sewer air. The lime of the cement 
is the primary reactant in the concrete. 
This neutralizes the acid formed from 
I.S and it is reasonable that a definite 
amount of acid will react with a greater 
volume of concrete when the mix is 
lean than when it is rich in cement. 
The denseness of the concrete may also 
influence the readiness with which the 
acid can penetrate and react with the 
lime. 

An extensive literature has been es- 
tablished on the attack of conerete by 
neutral sulfate salts. It is probable 
that this form of attack first occurs by 
reaction of the sulfate with the hy- 
drated tricalcium aluminate to form 
calcium sulfoaluminate, which brings 
about a marked expansion in the con- 
crete. It has been shown that alumi- 
nous cement (ciment fondu), pozzolan- 
portland cement mixes, and portland 
cement low in tricalcium aluminate are 
less rapidly attacked by sulfates. With 
Hi.S attack the aggressive agent is 
principally, if not entirely, sulfuric 
acid and it is feasible that to some ex- 
tent behavior towards neutral sulfates 
should run parallel with that towards 
ILS. 

There is very little quantitative in- 
formation concerning the relative rates 
of attack on conerete made with these 
modified cements when exposed to H,S, 
but it does appear definite that ciment 
fondu is attacked at a slower rate than 
normal portland cement concrete. 

The exact way in which the various 
cement constituents react in the pres- 
ence of H.S attack is not yet known 
and further investigation into this as- 
pect may well suggest methods of im- 
proving the resistance of the conerete 
by modifying the cement constitution. 
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Remedial Measures 


The reason for referring to remedial 
measures in this paper is not to present 
a discussion of the relative merits of 
each, but to illustrate how the compli- 
cated series of steps in the corrosion 
process may be interrupted by the 
variety of mitigative measures avail- 
able. 


Discharge of Sulfides into Sewers 


1. Elimination of trade wastes con- 
taining sulfides—In some eases this 
will remove a local H,S condition due 
purely to the discharge of such an 
industrial waste. 


HS Generation in Sewers 


2. Reduction of concentration of sul- 
fates in sewage.—This may be possible 
in some cases where the sulfate econcen- 
tration is due to the discharge of tidal 
or sea water to the sewer by industry. 
The prohibition of such discharges may 
reduce the sulfate concentration to a 
safe level, but in most cases this is un- 
likely, as the sulfate contributed in do- 
mestic sewage is usually sufficient to 
produce 2 to 3 p.p.m. of HS. 

3. Partial purification of the sew- 
age.—This can be carried out by sedi- 
mentation and high-rate treatment on 
filters. This reduces the organie con- 
tent and so slows down the rate of 
H.S production from sulfate. It also 
raises the oxidation-reduction poten- 
tial of the sewage and so makes con- 
ditions less suitable for H,S genera- 
tion. 

4. Dosage with chemicals to raise 
the oxidation-reduction potential of 
sewage.—Allen (1) has shown that the 
addition of nitrates or nitro com- 
pounds (such as nitrobenzene, dinitro- 
benzene, picrie acid, and T.N.T.) in 
sufficient concentration will raise the 
oxidation-reduction potential of the 
sewage sufficiently to inhibit H,S gen- 
eration. The amounts required prob- 


ably make this form of treatment im- 
practicable. 
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5. Aeration. — Pomeroy has _ de- 
scribed the value of blowing air into 
the bottom end of rising (force) mains 
in reducing the H.S generation. This 
also has the effect of retarding the drop 
in oxidation-reduction potential neces- 
sary for H,S generation to occur. 

6. Chlorination. — Treatment with 
chlorine removes by oxidation any 
H.S present in the sewage and pre- 
vents further generation because of its 
bactericidal reaction on the bacteria in- 
volved. Although its exact function 
and effectiveness is open to doubt, it is 
probable that chloroben (an emulsion 
of mixed dichlorbenzenes) also has a 
bactericidal action on the _ bacterial 
processes. 

7. Removal of slime and silts—This 
has the effect of removing the site of 
much of the H.S generation and may 
be expected to diminish the H,S con- 
centration in the sewage considerably. 
Silt may be removed by flushing, or 
its deposition prevented by increased 
velocities. A satisfactory method for 
the removal of slime in practice has 
not yet been described, but laboratory 
experiments suggest that chlorinated 
benzenes may be effective. 

8. Reduction in detention in rising 
mains and increase in velocity in grav- 
ity sewers.—The rate of H,S genera- 
tion through rising mains can be re- 
duced by increasing the rate of flow. 
Where abnormal increase in H.S con- 
centration occurs because of detention 
in sewers in which the sewage is backed 
up, H.S conditions may be alleviated if 
this detention is eliminated. With 
gravity flow in sewers, the higher the 
velocity the less will be the H.S build- 
up. Where this is possible, an in- 
crease in velocity of flow will diminish 
the H.S build-up. 


Emission of H,S from Sewage 

9. Reduction in turbulence.—Local- 
ized H.S conditions sometimes arise 
through excessive turbulence of flow, 
such as at the junction of two sewers. 
By structural alterations it may be 
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possible to substantially reduce the 
emission of H,S into the sewer air and 
so reduce the rate of attack. 

10. Dosage with heavy metal salts. 
—The addition of salts of copper, iron, 
or zine to the sewage has the effect of 
throwing out the sulfides as insoluble 
sulfides of the heavy metals and so 
preventing emission into the sewer air. 
Ferrous or ferric salts do not com- 
pletely precipitate the sulfide and, 
therefore, only partially reduce the 
transfer of H.S from the sewage to 
the sewer air. 

11. Dosage with alkalies—Dosage 
with lime or soda ash to raise the pH 
of the sewage above 8.5 has the effect 
of inereasing the degree of dissociation 
of the sulfide present. As it is only 
the undissociated sulfide which is 
available for transfer from sewage to 
sewer air, the increase in pH has the 
effect of reducing the effective concen- 
tration of available sulfide and so re- 
ducing the rate of emission into the 
sewer atmosphere. 

12. Running sewer full—As it is 
necessary for H,S to be emitted into 
the sewer air for corrosion to occur, 
the elimination of the sewer air by 
running the sewer full will obviously 
eliminate the problem. 


Rate of H.S Fixation on Concrete 


13. Ventilation. — Conditions  opti- 
mum to bacterial fixation of H,S may 
be disturbed by an alteration in the 
conditions of ventilation. Either by 
better natural ventilation or by forced 
ventilation by fans, one or more of 
the necessary factors for optimal bac- 
terial activity may become limiting. 
It is probable that the factor most 
often coneerned is humidity 
than H.S concentration. 

14. Periodic wetting of above-water 
walls of sewer.—The bacterial popu- 
lation essential to the corrosion process 
requires a particular chemical environ- 
ment in which to proliferate and this 
takes time to develop. It would ap- 
pear that if this environment were de- 
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stroyed as it is built up, by periodic 
flooding of the sewer, the development 
of active corrosion would be perma- 
nently retarded. Experimental work 
shows that regular wetting of an at- 
tacked surface by heading back the 
flow will inhibit corrosion. The fre- 
quency of wetting required depends 
on the present condition of the sewer 
and the intensity of the corrosive con- 
ditions in the sewer atmosphere. 

15. Use of resistant conerete——As 
previously stated, it is feasible that 
ciment fondu, super-sulfated metal- 
lurgical cement, pozzolan-portland ce- 
ment mixtures, or portland cement low 
in tricalcium aluminate may be more 
resistant to attack than normal port- 
land cement, but no definite quanti- 
tative evidence is available on this 
point as yet. 

16. Ammoniation.— patent by 
Pomeroy (10) claims that corrosion 
may be controlled by dosing the sewer 
atmosphere with ammonia, whereby it 
will be absorbed by the acid walls, the 
acid will be neutralized, and the cor- 
rosive action will cease. In view of 
the fact that active bacterial fixation 
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of H.S occurs up to a pH of 8.4 and 
neutral ammonium sulfate is the most 
aggressive of the sulfates towards con- 
crete, it is unlikely that this treatment 
would have any great value. 

17. Protective coatings.—In_ the 
United States synthetic resin-based 
plastic (Amercoat) has been tried as a 
lining for concrete sewers. The fune- 
tion of such inert linings is to isolate 
the concrete from the corrosive atmos- 
phere. It is too early to know the be- 
havior of such material under pro- 
longed exposure to H.S, but early re- 
ports are favorable. There would 
appear to be practical difficulties in 
the application of such a lining to an 
existing sewer undergoing attack. 
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PROGRESS OF PURIFICATION DURING THE START- 
ING OF A TRICKLING FILTER * 


3y G. R. GRANTHAM AND J. C. Sercer, Jr. 


One of the aspects of trickling filter 
operation about which little informa- 
tion is available is the progress of 
B.O.D. removal and nitrification during 
the period of starting operation, 
whether it be a new filter or one which 
has not received organic loading for 
some time. It is of practical interest to 
know how long a period is required to 
obtain a certain degree of treatment 
and of academic interest because the 
information gathered gives insight into 
the manner of treatment in a filter bed. 

The consensus (1) (2) is that it takes 
several weeks to several months to 
‘‘ripen’’ a trickling filter. Rudolfs, 
Heukelekian, and Chamberlin (3) re- 
ported the results of starting crushed 
stone, slag, gravel, and wire mesh ex- 
perimental filters, about which they 
state: ‘‘From the chemical and bac- 
teriological results obtained it was de- 
termined that the building-up or work- 
ing-in period required about three 
months.’’ It is believed that the 
terms ‘‘ripening,’’ ‘‘building-up,’’ and 
‘*working-in,’’ as used above, refer to 
the period required for equilibrium 
conditions to manifest themselves. The 
information reported by Rudolfs et al. 
(3) is divided into two time periods 
the first three months, and the last 
three months, with a two-month period 
dividing the two. Data and graphs pre- 
sented by these workers were based on 
monthly averages and it is believed that 
much valuable information was lost to 
the literature in this method of analy- 
sis of collected data. <A study of the 
3.0.D. and nitrification relationships in 
the oxidation reactions in organic 
Project 4801A, Engi 
Industrial Experiment Station, 
Florida, Gainesville, Fla. 


*Final report of 
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University of 


wastes indicates that a considerable de- 
gree of purification should be obtained 
before equilibrium conditions are 
reached. If such were true, trickling 
filters could be used periodically and 
only when receiving stream conditions 
dictate their use. Considerable saving 
in pumping costs may be effected where 
topographical conditions are favorable 
for such operation. 


Experiments 


Three series of experiments were per- 
formed at the Sanitary Research Lab- 
oratory, Department of Civil Engineer- 
ing, University of Florida, to determine 
the progress of purification during the 
starting of standard-rate trickling fil- 
ters. The filters used were 3 ft. square 
and 8 ft. deep (in Series 3, only 6-ft. 
depth was used), and so constructed 
that each 2-ft. depth of filter media 
was supported independently. <A 3-in. 
open space existed below each 2-ft. in- 
terval for the purpose of sampling and 
inspection. Settled sewage was dis- 
tributed by means of a single fixed 
nozzle for each filter bed. The loading 
used was in the standard-rate range and 
was intermittent with approximately 
equal (2.5-min.) dosing and resting pe- 
riods. Filters No. 1, 2, and 3 con- 
tained slag salvaged from the old 
Campus treatment works and stored in 
the weather for about two years before 
the start of Series 1. Filter No. 4 
contained new slag supplied through 
the courtesy of G. A. Mattison, Wood- 
stock Slag Co., Birmingham, Ala. Rock 
sizes were as follows: Filter No. 1, % to 
114 in.; filter No. 2, 14% to 2% in.; 
filter No. 3, greater than 21 in.; and 
filter No. 4, 114 to 21% in. 
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Series 1 was begun July 8, 1949, and 
was terminated 26 days later on Au- 
gust 3, 1949. To contrast summer and 
winter conditions, Series 2 was begun 
January 26, 1950, and was ended 44 
days later on March 11, 1950. During 
this time, however, no particularly cold 
weather was experienced. <A third se- 
ries, run to determine the ‘‘residual’’ 
or ‘‘seed’’ effect of rock previously 
used as compared with rock which had 
not before been in contact with organic 
wastes, was begun January 5, 1951, and 
was ended 42 days later on February 
16, 1951. These filters received no 
organic loading between series. 

Daily ‘‘catch’’ samples, taken over 
about an hour’s time, were removed at 
about the same time each day and 
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outlined in ‘‘Standard Methods’’ (4). 
Nitrogen analyses in Series 1 were run 
every other day on 2-day refrigerated 
composites. B.O.D. results for the first 
5 days of Series 1 were not usable, due 
to the inadvertent use of dilution water 
containing greater than the tolerable 
amount of copper. During the first 5 
days of Series 3, samples were taken 
twice daily. The 0-day sample in Se- 
ries 3 was taken of the first sewage to 
be applied to the bed; because about 
1 hr. was required to collect the sam- 
ple, the results for that sample repre- 
sent the effluent an average of 0.5 hr. 
after the beginning of the series. 
B.O.D. results for day 0 and day 0 + 
6 hr. for filter No. 4 (new slag) are 
believed to be in error, due to a re- 


analyzed for B.O.D., organic nitrogen, ducing agent being washed from the 
ammonia nitrogen, nitrite nitrogen, and new slag, which caused the rapid up- 
nitrate nitrogen, according to methods take of iodine released upon addition 
I.—Results of Series 1 
Reduction in B.O.D. (%) Nitrification (°% 
E Day | Filter No. 1 Filter No. 2 Filter No. 3 E Filter No.1 | Filter No. 2 Filter No.3 | Air age 
: ) | Temp. | Temp. 
4 | 6-Ft. | &-Ft. | 6-Ft. | 8-Ft. | 6-Ft. | 8-Ft. | 6-Ft. | 8-Ft. | 6-Ft. | 8-Ft. | 6-Ft. | 8-Ft 
5: | Level | Level | Level | Level | Level | Level [Lew Level | Level | Level | Level | Level | Level 
2 | | re 83 | 86 
| 69] 7.6)18.1119.3| 16] 46] 84 | 88. 
4;—|—| | 2 . 8486 
5 | 91 | 95 | 95 | 9 | 87 | 85 | 29.3 | 40.3 | 47.2 8.8} 5.9| 86 | 86 
6 | 96 | 95 | 95 | 98 | 89 | 92 | — | 84 | 88 
7 | 95 | 95 | 95 | 93 | 80 | 90 | 71.9 | 68.7 65.0 | 70.0 | 23.4 | 26.4) 84 89 
8 | 9 | 96 | 92 | 9% | 86 | 89 | — | at 2 
9 | 89 | 92 | 71 | 86 | 77 | 77 | 75.5| 81.4 | 61.7 | 69.9 | 55.3 | 62.4| 86 | 88 
10 | 81 | 8 | 75 | 67 | 70} 67 | — | — | | 80 | 86 
11 | 79 | 82 | 86 | 83 | 69 | 81 | 63.3 | 70.0 | 59.1 | 37.3 | 39.6 | 53.5) 81 | 86 
13 | 81 | 83 | 8 | 91 | 78 | 88 | 58.6 71.0 | 72.4 50.8 64.6) 
14 | 87 | 86 | 86 | 90 | 75 | 83 | | 83 | 84 
15 | 87 | 86 | 87 | 87 | 79 | 81 | 74.7 | 42.5 | 57.3 | 80.7 | 66.6 | 70.7 | 83 86 
16 | 99 | 87 | 90 | 90 | 80 | 87 | | 83 | 84 
17 | 92 | 90 | 8 | 89 | 79 | 87 | 90.0 | 86.5 | 87.4 | 82.2 | 70.3 | 82.0) 82 | 86 
18 | 94 | 95 | 92 | 92 | 84] 88 | — | — .4 | | | 83 | 86 
19 | 80 | 82 | 75 | 82 | 78 | 86 70.0 56.2 | 64.8 | 82.9 | 62.3 | 76.8, 83 | 86 
20 | — | ~ ~ 84 86 
21 | 87 | 91 | 88 | o1 | 75 | 82 | | 36 | 86 
22 | 86 | 90 | 78 | 89 | 74 | 88 | 88.6] 91.0 | 75.4! 86.1 | 57.2/ 82.9! 88 | 86 
23 | 87 | 88 | 78 | 89 | 74] 93 | — 88 | 86 
24 | 83 | 84 | 74 | 80 | 82 | 74 | 83.6 | 82.5 | 75.5 | 80.0 | 77.4| 80.7| 83 | 86 
: 25 | 85 | 93 | 82 | 88 | 80 | 74 | 80 84 
26 | 90 92 | 87 92 | 84 | 85 | 85.3 87.6 | 79.5 | 88.0 | 75.3 80.2) 79 | 84 
| | | | 
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of acid in the Winkler dissolved oxy- 
gen test. This difficulty had apparently 
ceased by sampling time on day 1. 
None of the samples in the entire ex- 
periment were settled. 

The average hydraulic loading dur- 
ing Series 1, 2, and 3 was 3.1, 3.0, and 
2.9 m.g.a.d., respectively. 

The results of the experiment, ex- 
pressed as per cent reduction in B.O.D. 
and per cent nitrification, are shown 
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in Tables I, II, and III. Percentage 
nitrification is computed by dividing 
four-fifths of the NO.-N plus the 
NO,-N by the total nitrogen in the 
sample. Average air temperature and 
sewage temperature data are included 
in Tables I, II, and ITI. 


Discussion of Results 
This discussion is prefaced by the 
thought that throughout the entire ex- 


TABLE II.—Results of Series 2 


Reduction in B.O.D. (%) 


Filter No.2 | Filter No.3 


Day Filter No. 1 


6-Ft. 
Lev el 


6-Ft. | 8-Ft. | 


Level | Level 


8-Ft. 
Level 


6-Ft 
Level 


8-Ft. 
Level 


6-Ft 
Level 


71 
83 
84 
82 
58 
71 
So 
81 
84 


0 | 
l 

2 

3 

5 

6 

8 

9 | 
10 
11 


Filter No. 1 


Nitrification (%) 
Filter No. 2 


8-Ft. | 
Level | 


‘t. | 6-Ft. | 8-Ft. | 
1 | Level | Level 


6-Ft 
Level 


t 


> 


TAN 


Go in 
no 


oro 


sl 


= 
: 
; 
: 
| Av. Sew- 
Filter No.3 | Air | age ; 
Temp. | Temp. 
—| (°F.) (° F.) 

77 | 77 71 | 63 | 65 | 26) 6.5 | | 18} 11] 15] 73 - 
85 | 90 87 | 81 | 79 | 3.3] 49 06) 18 
85 | 83 87 | 84 | 87 | 15.6| 17.0 | 09] 72 | 79 : 
oa 86 | 90 8 | 83 | 89 | 49| 7.3] 6.2| 0.9| 19| 70 | 75 “ot 
76 | 89 70 | 73 | 68 | 11.1] 49; 0.7| 20| 72 | 75 
77 | 8 77 | 62 | 53 | 88| 124 1.7] 27) 73 | 75 
oe 92 | 92 91 | 78 | 71 | 37.0} 47.3 16.2] 19) 36] 73 | 75 ms 
86 | 91 | 92 | 73 | 78 | 30.9 | 48.5 32.7 | 45] 73 75 
s9 | 93 | | 86 | 82 | 86 | 23.6 | 50.1 26.8 | 34) 6.0] 75 | 75 
79 | 88 | 66 | 65 | 65 | 74 | 39.2] 73.7 11.8 | 12.2| 24.8 | 66 | 
i | 80 | 88 | 80 | 85 | 72 | 78 | 30.4] 61.7 48.5 | 12.6 | 23.0] 66 | 75 a 
aa 12 | 83 | 86 | 84 | 87 | 83 | 81 | 24.1 | 33.4 26.0 | 12.0| 18.6 | 67 | 75 . 
13 | 90 | 91 | 75 | 82 | 74 | | 25.0) 38.5 34.8 | 6.4 | 23.6] 69 | 77 
14 | 90 | 92 | 87 | 89 | 69 | 78 | 44.8} 56.7 47.2 | 3.3 | 68 | 77 
ss 15 | 82 | 84 | 82 |} 83 | 62 | 70 | 30.6 | 50.5 32.3 | 2.9] 68] 66 | 77 Sa 
16 | 90 | 95 | 83 | 83 | 65 | 79 | 61.0| 72.7 East 
=m 17 | 82 | 85 80 | 82 38 | 47 | 33.6 | 53.5 | 6 me 
aa 18 | 39 +1 24 | 28 | 35 | 39 | 53.5) 61.8 | 46 y 
19 | 83 | 89 | 85 | 84 | 59 | 83 | 58.7 | 65.1 | 
a 20 | 84 | 93 | 78 | 89 | 63 | 65 | 48.3} 70.8 | 35.0 | 65.0 | 14.7 | 22.0 | 73 
a 21 | 84 | 91 | 8L | 85 | 70 | 79 | 44.9] 60.2 | 28.6 | 45.6 | 11.5 | 22.0] 58 Le 
22 | 52 | 71 | 67 | 77 | 67 | 74 | 67.7 | 66.1 | 20.1 | 53.9 | 9.0) 14.5] 56 
23 | 78 | 80 | 76 | 75 | 54 | 66 | 42.6] 47.3 | 18.7 | 31.1 | 11.6] 15.5 | 52 a 
a 24 | 83 | 81 | 72 | 83 | 53 | 66 | 47.0] 59.0 | 23.2| 34.1] 87] 96) 54 | — ‘ 
‘a 25 | 72 | 76 | 73 | 77 | 58 | 70 | 46.7 | 63.6 | 28.6 | 39.7} 9.7] 16.3] 59 | 7: 
26 | 83 85 80 87 | 65 | 79 | 51.0 | 66.3 | 37.2] 49.0] 8.2] 15.1] 57 | 
27 | 78 | 88 | 59 | 69 | 62 | 76 | 47.3 | 70.7 | 20.4 | 32.9 | 13.5] 61 | 
me 28 | 87 | 89 | 65 | 83 | 57 | 75 | 63.8) 71.8 | 31.1 | 54.0 | 11.7 | 288] 62 | ; 
29 | | | 43 | 69 | 52 | 48 | 60.5 | 74.7 | 40.2 | 38.8 | 17.5 39.6 | 65 
ae 30 | 84 | 92 | 57 | 82 | 56 | 62 | 58.5] 73.9 | 52.7 | 65.5 | 12.6] 22.4] 59 a 
a 31 | 78 | 90 | 53 | 72 | 68 | 55 | 57.0 | 83.0 | 43.6 | 68.0 | 21.4 | 37.5} — a 
33 | 84 | 90 | 45 | 59 | 43 45 | 52.9 | 67.6 | 34.4 | 49.8] 8.3 61 
oe 34 | 95 | 96 | 84 | 90 | 60 | 74 | 75.2 | 87.0 | 66.7 | 63.4 | 29.6 | 62.3 | 59 = 
ee 36 | 85 | 92 | 76 | 84 | 44 | 22 | 67.0/ 79.8 | 44.6 | 68.0 | 10.9| 22.0 | 54 | i 
38 | 81 | 82 | 59 | 76 | 49 | 71 | 74.2 | 75.9 | 56.3 | 73.8 | 32.4) — | 64 | 
Rie 10 | 90 | 95 | 88 | 88 | 59 | 68 | 82.2 | 85.4 | 59.3 | 75.0 | 28.6| 61.1} 64 | : 
12 | 69 | 75 | 82 | 84 | 23 38 | 53.2 | 47.2 | 48.5 | 70.0| 8.1 | 22.7) 57 | 
44} 68 | 76 | 73 | 70 | O | 19 | 68.0} 74.2 | 54.3 | 69.2 | 20.0 | 29.7 | 61 | Ay 

| | | | | | | 4 
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TABLE III.—Results of Series 3 


B.O.D. Reduction (%) Nitrification (%) 
° Day Filter No. 2 Filter No. 4 Filter No. 2 | Filter No. 4 Teme. Temp. 
6-Ft. Level 6-Ft. Level 6-Ft. Level 6-Ft. Level 
0 54 —10 19.3 0.8 63 74 
0+6 hr. 70 26 
1 82 54 82 | 06 66 73 
1+6 hr. 82 56 — on - 
2 87 71 10.4 05 | 53 | 
2+6 hr. 89 64 - - 
3 79 66 4.9 04 | 36 | 75 
3+6 hr. 61 63 _- — | -- - 
4 59 26 2.1 on | 2 | 2 
446 hr. 69 75 | 
5 67 71 oft 
5+6 hr. 52 60 | | 
6 80 80 23 | 06 | 53 | 69 
7 71 82 3.6 | 04 | 57 71 
72 59 25.1 | 03 | 62 71 
9 68 59 36 | 7 
10 70 80 — | o8 | &4 74 
11 77 84 89 | 0.4 44 76 
12 75 79 43 51 71 
13 88 87 22.7 | 06 | 58 71 
14 72 81 42.7 | 0.7 | 62 73 
15 87 81 31.7 Os | 63 7: 
16 88 79 44.0 03 | 60 69 
17 84 80 33.4 03 | D4 69 
18 82 76 64.7 10 | 59 69 
19 86 81 68.3 0s | 58 73 
20 88 83 46.0 0.5 | 44 73 
21 79 79 36.5 0.9 40 71 
22 35 69 34.0 0.9 49 70 
23 7 83 47.5 1.1 62 66 
25 46 7 ~ 63 73 
26 91 78 | 49.7 | 39 «67 73 
27 74 81 47.6 74 | 53 73 
28 30 | 68 22.9 | 450 | 34 71 
29 68 64 16.8 2.1 | 36 69 
31 70 | 7 | 47.9 | 56 | 52 71 
33 65 61. | 520 69 | 57 67 
35 | | 72 | | 83 65 
38 63 81 | 9.5 6.2 | 58 66 
40 | 73 81 — 10.3 64 7 
42 | 8 | 79 | 17.1 164 | 61 72 


periment the only filter medium used of B.O.D. from applied sewage begins 
was blast furnace slag and that, al- quickly and is considerable in amount. 
though results of this test on similar The B.O.D. reduction at day 1 in Series 


media would probably be comparable, 
no blanket statement about early effi- 
ciencies for all filter media is intended. 

From the information gathered in 
this test it appears that when a new 
or previously used slag-filled trickling 
filter is put into operation, the removal 


2 and 3 was between 54 and 82 per 
cent, and at 5 days in Series 1, 2, and 
3 it was between 70 and 94 per cent at 
the 6 ft. level, the lower values in each 
ease being the ‘‘new’’ rock values. The 
curves in Figure 1 indicate that initial 
removals are high and, because the re- 
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movals are high even in filter No. 4 with 
‘‘new’’ rock, it would appear that con- 
siderable B.O.D. is removed by adsorp- 
tion or other contact phenomena on the 
rock. There seems to be little or no 
lag in the onset of oxidation, as evi- 
denced by the rapid increase in per 
cent removal. The value of the ‘‘seed’’ 
on used rock in the oxidation reaction 
is given by the vertical difference be- 
tween the two curves in Figure 1. 
After day 7 the ‘‘new’’ and ‘‘used”’ 
beds afford approximately equal re- 
movals of B.O.D. In all cases the per- 
centage B.O.D. reduction curves had 
leveled off by or before day 15, indicat- 
ing that, as far as B.O.D. reduction is 
attained. 
Several of the curves tend te show de- 
removal and rather 
erratic after day 15, due to ‘‘slough- 
or unloading of the filters. Set- 
tling of the effluent would remove this 
difficulty in a treatment works. 

Active nitrification appears to begin 


concerned, equilibrium was 


crease in become 


ing’’ 


between day 3 and day 9, depending 
upon and rock size for 
‘fused’’ rock beds, whereas it takes con- 
siderably longer (25 days in this test) 
for new rock. This offers further evi- 


temperature 


REO. 6.0.0 


(%) 


PERCENTAGE 
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dence that there is considerable bene- 
fit derived from the ‘‘seed’’ in the 
‘“used’’ bed. Equilibrium, as far as 
nitrification is concerned, takes con- 
siderably longer than for B.O.D. re- 
duction. In fact, nitrification equi- 
librium was not reached in any of the 
three series. The degree of nitrification 
appears to be considerably more closely 
related to temperature than is the de- 
gree of removal of B.O.D. Due to the 


size of filters used and to the open 
construction, air temperature rather 


than sewage temperature was the regu- 
lating value, for actual observation 
proved that at and below the 2-ft. 
level, the liquid temperature compared 
closely with the air temperature, and 
further, when the relative humidity 
was below about 80 per cent, it com- 
pared closely with the wet-bulb tem- 
perature. The wide difference between 
percentage nitrification in the summer 
(Series 1) and winter (Series 2 and 
3) is probably due to a combination of 
lower temperature and lower relative 
humidity, but because incomplete data 
were kept of actual temperatures in 
the filter, no rigorous formulation of 
the nitrification-temperature relation- 


| | | 
| | 
° 10 20 25 30 40 45 
TIME (days) 


FIGURE 1.—B.0.D. reduction at 6-ft. level; Series 3. 
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FIGURE 2.—Nitrification at 6-ft. level; Series 3. 


ship is possible. Of interest, however, 
is the close correlation of air tempera- 
ture and actual plotted points of per- 
centage nitrification as shown in Figure 
2. However, in the conventional trick- 
ling filter the size, construction, and 


90 


method of distribution would probably 
make sewage temperature the control- 
ling temperature. 

Another indication that there is re- 
sidual seed in ‘‘used”’ rock is shown in 
Figure 2. The decrease in per cent 


ppm NH,-N, NO,-N, NO,-N 


TIME (days) 


FIGURE 3.—Changes in nitrification components with time; Series 2, filter No. 2, 
8-ft. level. 
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nitrification from about 20 to 1.8 during 1. There is a residual ‘‘seed’’ left on 
the first 5 days of Series 3 indicates trickling filter rock upon discontinua- 
that considerable nitrite and nitrate tion of operation for periods as long as 
from the previous series are being a year or more, which, when operation 
washed through the bed. is renewed, causes rapid recovery to 

The degree of treatment in the early equilibrium conditions. 
periods is affected by the size of media. 2. High filter efficiencies, as meas- 
Higher early efficiencies were obtained ured by B.O.D. reduction, are obtained 
with smaller rock, probably due to the in a period of up to 7 days, whether 
larger adsorption areas and larger areas new or previously used filter rock is 
of residual ‘‘seed’’ afforded by smaller employed. This should allow the use 
media. The effect is again more pro- of trickling filters in the treatment of 
nounced in the nitrification reaction sewage and other organic wastes where 
than in the B.O.D. reduction. treatment is required periodically as 

The noticeable decrease in percentage dictated by stream conditions and 
reduction in B.O.D. at the time when and changes in plant loads. 
active nitrification is starting is due to 3. High efficiencies in B.O.D. removal 
the now well-known difficulty in com- Upon first starting a trickling filter are 
putation of B.O.D. reductions in the probably due to adsorption or other 
tremsttinn where the phenomena by the filter rock. 
Also, little or no lag is observed in the 
onset of the oxidation reaction of the 
adsorbed material. 

4. The nitrification reaction in the 
starting of a trickling filter is more 
dependent upon ‘‘seed,’’ temperature, 
and rock size than is the B.O.D. redue- 
tion, but it follows the normal nitrifica- 
indicate, indirectly, that the progress tion pattern as observed in stream re- 
of oxidation in a trickling filter is not covery and elsewhere in nature. 
materially different from the progress 
of oxidation in a stream. Acknowledgments 


nitrification stage commences (5). 

The changes in the forms of nitro- 
gen in the filter effluent with time after 
the starting of a trickling filter are 
shown in Figure 3. The results of 
filter No. 2 in Series 2 were chosen as 
typical in this respect. These curves 


Acknowledgment is due Emily King 
and Richard Jenkins, Assistants in Re- 

Krom the results of these tests the search, who performed part of the 
following conclusions are drawn: analyses in the experiment. 


Conclusions 
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Industrial Wastes 


DETERMINATION OF FAIR SEWAGE SERVICE 
CHARGES FOR INDUSTRIAL WASTES * 


By Grorce J. SCHROEPFER 


Professor of Sanitary Engineering, University of Minnesota, Minneapolis, Minn. 


The increasing consciousness of the 
seriousness and the magnitude of the 
industrial waste problem in_ this 
country has awakened interest in the 
corollary consideration of raising the 
revenue requirements for remedial 
works. 

The magnitude of the problem is 
pointed up by a survey of the Publie 
Health Service (1), which finds that 
there are 10,401 industries discharging 
wastes into the watercourses of the 
United States. Another survey by the 
National Association of Manufactur- 
ers (2) of more than 3,000 industries 
indicates that 82 per cent of the indus- 
tries provide no treatment whatsoever. 
One interesting finding of this survey 
is that more than two-thirds (69 per 
cent) of the industries discharge all 
or a part of their wastes into the mu- 
nicipal sewage works. It is with this 
fraction that this paper is concerned. 

With 11,811 municipalities having 
sewer systems, and 6,628 having sew- 
age treatment plants (1), and recog- 
nizing that most receive industrial 
wastes to some extent, the magnitude 
of the present problem is apparent. 
And with 4,209 municipalities requir- 
ing new sewage treatment plants (1), 
the problem of the future will be mag- 
nified. This is particularly true be- 
cause annual costs, usually quite low 
proportionately when sewage is dis- 

* Presented at 24th Annual Meeting, Feder- 


ation of Sewage and Industrial Waste Associ- 
ations; St. Paul, Minn.; October 8-11, 1951. 


charged untreated through sewer sys- 
tems, increase markedly when treat- 
ment facilities are provided. 

This paper is concerned, therefore, 
with the problem of presenting a fair 
basis of charges to industry in the 
usual situation where its wastes are 
discharged into the municipal system. 
It is limited to a consideration of those 
wastes which are amenable to treat- 
ment in conventional plants, and- ex- 
eludes such wastes which because of 
their toxicity or chemical composition 
would cause serious difficulties in the 
plant or subsequently in the receiving 
waters. 

The approach to this problem as 
presented herein lies in the principles 
enunciated by a Joint Group of 24 
members consisting basically of com- 
mittees of the American Society of 
Civil Engineers and of the Section of 
Municipal Law of the American Bar 
Association, but with representation 
by six other participating organiza- 
tions, including this Federation. Sam- 
uel A. Greeley and John D. MeCall 
served as general chairmen of the en- 
gineering and law committees, respeec- 
tively. Other members of the Federa- 
tion who served on the Joint Commit- 
tee were Francis S. Friel, Thomas M. 
Niles, Myron W. Tatlock, and the 
writer. After more than three years 
of work the Committee has issued its 
report entitled ‘‘ Fundamental Consid- 
erations in Rates and Rate Structures 
for Water and Sewage Works”’ (3). 
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Inasmuch as the report has not as 
yet been widely circulated, this paper 
of necessity must review the basic prin- 
ciples upon which it is founded to in- 
troduce the reader to the procedures 
involved as applied to the determina- 
tion of fair charges for the handling of 
industrial wastes. However, for a com- 
plete discussion of the problem, the 
author recommends the report as rep- 
resenting the considered thought and 
judgment of a representative group of 
engineers, lawyers, and finance authori- 
ties interested in the question. 


Certain Basic Considerations 


Preliminary to a consideration of the 
methods of industrial 
wastes handling in a municipal sys- 
tem, it is important to give considera- 
tion to certain basie factors involved. 
A municipality, in determining a course 
of action with respect to the reception 
of industrial wastes into its system, 
may consider, among others, the fol- 
lowing possibilities : 


charging for 


1. To exclude industrial wastes: 


(a) All industrial wastes. 

b) Certain industrial wastes which, 
their constituents 
(toxicity, acidity, ete.), impair 
the functioning of the municipal 
system. 


because of 


To require pretreatment at the 


source: 


a) All industrial wastes to a level 
approaching the constituents in 
normal domestic sewage. 

(b) Certain wastes which, because of 
their constituents or excessive 
load variation, are harmful to 
the system. 


3. To receive industrial wastes : 

(a) All industrial wastes. 

(b) All wastes except those which 
are not amenable to treatment or 
would cause real difficulties in 
the operation of the system. 
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The decisions made concerning this 
question influence the financing prob- 
lems confronting the city. Obviously, 
if course 1(a) is followed, no direct 
financial decisions need be made con- 
cerning the charges. But, because of 
the importance of industry in a com- 
munity, this procedure is unrealistic. 
The costs of separate treatment by each 
industry are likely to be much greater 
than combined treatment, not to men- 
tion the administrative problems con- 
fronting regulatory agencies. Course 
2(a) apparently simplifies the problem, 
because after pretreatment by industry 
to the level of ordinary sewage the 
industry can be charged at the rate for 
other general users of the system. It is 
subject, perhaps to a lesser extent, to 
the same objections as course 1(a)— 
namely, higher total costs and adminis- 
trative difficulties. 3(a) is 
likely to result in certain wastes se- 
riously destroying the efficiency of the 
sewage works or markedly increasing 
costs beyond a point of reasonableness. 
The admittance of very toxic wastes 
would be an example. 

Thus, it will be apparent to most that 
the proper procedure, and that fol- 
lowed by most municipalities, is the 
middle ground represented by courses 
1(b), 2(b), or 3(b), alone or in com- 
bination. According to the Publie 
Health (1), more than 60 
per cent of the industries contribute 
organic wastes. 


Course 


Service 


Most of these are sus- 
ceptible to treatment in conventional 
processes. However, increased costs of 
construction and 


operation are in- 


volved, and this brings up the topic of 


charges. 


Methods of Charging in Use 


In the approximately 12,000 com- 
munities in this country having sewer- 
age facilities, a number of methods are 
employed for raising the revenue re- 
quired to construct and operate them; 
and, therefore, for charging industry 
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for the reception of its wastes. Some 


of these methods are: 


1. The ad valorem tax on property. 
Historically (since colonial days) this 
has been the commonly accepted 
method (in more than 80 per cent of 
U.S. communities) of raising the reve- 
nue requirements. When the sewage 
works were limited to sewer systems 
with disposal into the nearest water- 
course, operation budgets were small 
and, in general, this method brought 
few objections. 

2. Special assessments, 
sessments on 


Special as- 
a front footage basis 
against abutting property are quite 
commonly used as a method of payment 
for all or a part of the cost of construe- 
tion of sewer systems. 

3. Sewage service charges. From the 
time of first application in Brockton, 
Mass., in 1894, sewage service charges 
have come to be used as a method of 
raising revenue. Although no complete 
recent surveys are available, it is esti- 
mated that approximately 1,000 munici- 
palities (or one-sixth of those having 
treatment plants) now use this method 
of charging. A number of procedures 
are employed (as many as 12), the 
principal one being related to the vol- 
ume of water consumed on the premises. 
In a few cases constituents in the sew- 
age are included in the rates, in one 
way or another. 

4. Special negotiated contracts with 
industry. The bases for these contracts 
vary, but in several the incremental 
(added cost) method has been em- 
ployed. 

5. Combinations of two or more of 
the above methods. 


It is desirable to discuss certain of 
these methods in some detail. It is 
obvious that when the property tax 
basis is used to raise the total annual 
revenue (fixed charges and operation 
and maintenance costs), the use of, and 
the benefits received from the works is 
not measured. Used alone, this meas- 
ure of ability to pay, rather than of 
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service rendered, is no more valid than 
the old English system of taxing on the 
basis of number of windows on the 
premises. Fairness to all users and 
properties is not achieved by this 
method as the sole basis of charge. 
However, because the value of prop- 
erty, both developed and undeveloped, 
is enhanced by reason of the existence 
of the sewage works, this is some meas- 
ure of benefit, the extent of which is 
discussed in a later section. 

Attention is called to the use of the 
term ‘‘sewage service charge’’ rather 
than ‘‘sewer rental charge’’ or ‘‘sewer 
service charge.’’ The Joint Committee 
believes that this terminology is more 
descriptive of what is included in the 
charge and leads to fewer necessary 
explanations. With this out of the 
way, it can be stated with equal validity 
that to base all charges on a schedule 
of sewage quantity or some similar base 
is improper. Under this method pres- 
ent users of the system pay an unfair 
proportion of the cost of the system, 
which is designed partly as a benefit 
to property. This also is discussed at 
length later. This method becomes 
even more unfair when excess collee- 
tions are paid into the general fund, 
or are used to finance new construction 
or extensions of the sewer system. 

Several writers have called attention 
to the incremental method of negotiat- 
ing contracts with industry. This 
method involves determining the charge 
to industry on the added or excess cost 
basis, wherein the costs of a combined 
system are estimated, and by subtract- 
ing the costs of a system without in- 
dustry being included, the incremental 
costs are determined. This method can 
be used in reverse. In some situations 
the industrial wastes make up half or 
nore of the load. If the cost of a com- 
bined system is estimated and the cost 
of a plant for the industrial wastes is 
subtracted, a quite different answer re- 
sults. Which is proper? This method 


is indefinite and not susceptible of ac- 
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curate analysis, particularly on a long- 
established system. And it changes 
with time, as industry and community 
vrowth is often different. 

Where a combination of methods 1, 
2, and 3 has been used, the allocation 
of costs sometimes approaches fairness. 
In the past, this has been happenstance 
only. Thus, where general obligation 
bonds have been issued, and a property 
tax employed for debt service, with 
sewage service charges for operation 
and maintenance costs, both property 
and users share in the costs, although 
not very often in a fair proportion. 

Some of the methods of determining 
charges have been discussed in a gen- 
eral way. It was first planned to pre- 
sent in detail the methods of charging 
employed by a number of communities. 
limitations and in 
view of the wide variance in practice, 
it was finally decided that this would 
serve no useful purpose. Influenced by 
political expediency and preceden*, and 
affected by the social philosophy of gov- 
erning bodies in their outlook towards 
present and potential industry, charges 
vary from extremely low ones (a sub- 


Because of space 


sidy to industry, and unfairness to 
other classes of users and property) to 
burdensome and confiseatorially high 
In general, past practice is of 
little aid in approaching the subject of 
fairness in charges. 


ones. 


Suggestions for Charges 
to Industry 


Many articles have been published on 
the subject of charges for industrial 
wastes in a municipal system. These 
The litera- 
ture is replete with suggestions that not 
only volume, but also strength, should 
making charges. 
Chronologically, and to mention only a 
few, Greeley (4), Marston (5), Calvert 
(6), Mohlman (7)(8)(9), Hommon 
(10), Mahlie (11), Knowlton (12), Bes- 
(13), La Due (14), Russell 


and Laboon (29) have suggested 


take many points of view. 


be considered in 


selievre 


(15), 
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the desirability of considering sewage 
composition in determining charges. 
The methods proposed for accomplish- 
ing this have varied widely. 

A number of writers have discussed 
and some have advocated the inere- 
mental method of charging for indus- 
trial wastes. Among these may be men- 
tioned Warrick (16), Green (17), 
Enslow (18), Cohn (19), Gray (20), 
and Haseltine (21). Several have em- 
ployed or advocated the use of formulas 
to determine service charges, includ- 
ing Symons (22) (23) (24) (25) (26), 
Wright (27), Reaves (28), and Laboon 
(29). 

In general, these articles do not dis- 
cuss the question of just what propor- 
tion of the total annual charges should 
be or are covered by the methods sug- 
gested or employed. Furthermore, in 
later years very little reference is made 
to the share which should properly be 
borne by property. Nor to the writer’s 
knowledge is mention made of a reason- 
able allocation of the total annual costs 
except in papers by Greeley (30) (31) 
(32). 

In foreign countries attention is also 
being given to this problem. Mohlman 
(8) discusses practice in the Emscher 
and Ruhr Districts, in Germany, where 
surcharges for industrial wastes based 
on production and type are made. The 
1937 Public Health Act (Drainage of 
Trade Premises) (8) (33) in England 
states that in setting rates, ‘‘ - re- 
gard (shall be) had to the volume and 
composition of trade effluents and to 
any additional expense incurred in con- 
nection with their reception.’’ And 
even England has its formula develop- 
ers in the person of Townend (33). 
The Council of the South African 
3ranch, Institute of Sewage Purifica- 
tion, adopted the following statement 
of poliey (34) : 


“The charges for industrial waste dis- 
posal should be in relation to the waste 
load contributed by the industry. 

“The charge levied against an industry 
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for the load contributed should not be 
made with a view to profit or loss, but 
should be based on the established cost 
price of treatment of the mixed sewage 
entering the works.” 


A rather unusual viewpoint (to 
many), but not surprising, perhaps, in 
view of the nationalization program in 
England, is the suggestion by Hurley 
(35) of a national basis of solution to 
this problem, with every manufacturer 
contributing to a central fund a stand- 
ard amount based on character and vol- 
ume. From the central fund local 
authorities would be reimbursed for 
treating the industrial wastes in their 
plants. It is hoped that neither our 
aims nor our tendencies are in that di- 
rection. 

Returning to practice in the United 
States, the implications of the follow- 
ing statement in the Report of the Ohio 
River Committee (34) published in 
1944 are intriguing: 


“There are several basie considerations 
which underlie the problem of equitably 
distributing the cost of pollution abate- 
ment works. Among these considerations it 
may be contended that industries exist only 
in response to public demand for their 
products and, therefore, that the public is 
indirectly responsible for all stream pollu- 
tion, both industrial and domestic, and 
ultimately must bear the cost of all pollu- 
tion-abatement activities, either by direct 
expenditures or partially by direct ex- 
penditures and partially in the form of 
increased costs for industrial products.” 


In view of what has already been 
discussed concerning the confusion in 
practice and in the thinking on this sub- 
ject, is it any wender, therefore, that 
municipal officials and industries ex- 
perience difficulty in approaching this 
problem? Fundamental considerations 
have been, and are being, more and 
more lost sight of. 


Fundamental Principles Involved 


The aim of engineers and adminis- 
trators involved is to establish fair 
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rates and rate structures which meas- 
ure the benefits from, and use of, the 
sewage works. The approach to the 
problem can be found in a statement 
of fundamental principles involved, 
prepared after considerable thought 
and discussion by the Joint Commit- 
tee: 


“The needed total annual revenue of a 
water or sewage works shall be contributed 
by users and non-users (or by users and 
properties) for whose use, need, and bene- 
fit the facilities of the works are provided, 
approximately in proportion to the cost of 
providing the use and the benefits of the 
works.” 


From what has already been written, 
it is obviously unfair to raise the an- 
nual revenue requirements entirely by 
a charge on property, as is done when 
ad valorem taxes are employed to raise 
the total annual amount. Similarly, it 
is unfair to expect the present users 
to pay the entire cost, as is done when 
sewage service charges are designed to 
raise the entire annual revenue re- 
quirements. 

The report goes on to state: 


“Tt is considered that rates and rate 
structures for water and sewage works 
should achieve fairness through payment by 
each user or beneficiary of his fair share of 
the total annual cost of the works required, 
and no more.” 


The above general statement is one 
with which almost everyone will agree, 
but depending on where one ‘‘sits at 
the ball game’’ his viewpoint of what 
approaches fairness will differ. As ap- 
plied to the subject of this paper, even 
the viewpoints of industrial representa- 
tives, who for purposes of our analogy 
should be on the same ‘‘team,’’ will 
differ, depending on whether they rep- 
resent a ‘‘dry’’ or a ‘‘wet’’ industry. 
The governing bodies and the citizens 
they represent may well be confused in 
their thinking. 

In approaching the problem pre- 
sented by the Joint Committee state- 
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ment of fundamental principles, it be- 
comes necessary to consider its various 
component parts. 


Total Annual Revenue Requirements 

The annual revenue requirements of 
a sewage works may be divided for this 
purpose which are needed 
for (1) the collection system, including 
pumping stations; (2) the intercepting 
sewers; and (3) the treatment plant. 
The revenue requirements for these 
major units are commonly subdivided 
as follows: 


into those 


1. Operation, 
2. Maintenance replacement. 
(The latter item may be covered by a 
depreciation item in 


expense some 


cases, } 

3. Fixed charges or debt service, in- 
cluding interest and amortization of 
the bonds required to finance the con- 
struction of the project. A deprecia- 
tion allowance may be provided where 
the useful life of the works, including 
does not correspond to the 


obsolescence, 


bond period. 


All of the above three items of the 
various component parts of the works 
constitute important and essential items 
of expense in constructing and operat- 
ing the system and should be included 
in any approach to a fair allocation of 


COSTS, 


Contributions by Users and Properties 

The Joint Committee report makes a 
definite point, and is predicated upon 
contributions by both users and prop- 
erties. In justification of the premise, 
it will be readily apparent that surface 
and subsurface drainage is related to 
area or property and has no relation 
to use as represented by the discharge 
of ‘‘spent’’ water or sewage; therefore, 
a charge based upon area or property 
is proper for this element of service. 
Similarly, the provision of capacity in 
the component parts of a sewage works 
for the future provides for the security 
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and development of property and for 
community growth, and is a proper 
charge on property, as it is obviously 
unfair to charge present users based 
on sewage contribution for this cost ele- 
ment. In fact, undeveloped property 
in fairness should provide the major 
portion of this cost, because capacity 
is provided for this later use. The 
amount allocated to property would de- 
crease with time as the use of the works 
approached eapacity. The charge to 
property can be distributed on a front 
foot, area, or property valuation basis, 
or on a combination method. 

The user, on the other hand, is re- 
sponsible for certain items of cost. A 
portion of the collection and intercept- 
ing sewer is allocated for his use. To 
a greater degree the fixed charges on 
the plant, and to an even greater ex- 
tent the operating cost of the plant, is 
caused by his use of the works 


Allocation of Costs in Proportion to 
Benefits and Use 
At the time of construction, or pe- 
riodically thereafter, it is possible for 
an engineer to determine with reason- 
able accuracy the relative proportions 
of the works and of the costs which are 


chargeable to users and to property. 


Thus, a building sewer renders a direct 
service to the property benefited and is 
chargeable to that property. In pro- 
ceeding downsewer (figuratively), a 
continually lesser proportion of the ca- 
pacity of the 
against that property. 


sewer chargeable 
In the ease of 
the intercepting sewer it is possible to 
determine and allocate the portion of 
the cost chargeable to property (sur- 
face runoff, ground-water infiltration, 
future capacity, public use, ete.) and 
that chargeable to the user (domestie 
industrial Further- 
more, in the case of the sewage treat- 


sewage, wastes ). 
ment works the various parts are af- 
fected differently by the volume and 
characteristics of the liquid wastes and, 
therefore, the special service which par- 
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ticular users and properties (such as 
an industry, for example) receive, can 
and should be evaluated. Thus, the sew- 
age pumping and sedimentation costs 
are affected in design and, therefore, 
in resultant costs, principally by vol- 
ume. Oxidizing processes, on the other 
hand, are influenced principally by or- 
ganic loading, and sludge disposal proc- 
esses by solids content. 

By attacking each unit of the sew- 
age works in this manner it is possible, 
first, to allocate the various portions to 
use and to property, and then later 
to distribute these allocated amounts, 
depending on the actual expenditures 
which these cause. Having determined 
the amount to be alloeated to property, 
it is possible to set up a schedule of 
charges to property based on front 
footage, area, or (more usually) as- 
sessed valuation. A combination has 
been used in at least one case. The 
allocation to users can be distributed 
on a volume, organic loading (repre- 
sented by B.O.D.), and solids content 
basis. Depending on the situation, chlo- 
rine demand may replace or be used in 
conjunction with the organic loading. 

Because the aim is to achieve fairness 
to all users and beneficiaries (domestic, 
commercial, and industrial alike), it 
becomes necessary to consider the ques- 
tion as a whole and not simply from 
the standpoint of any one class (such 
as an industry). Therefore, what might 
appear at first glance to be too broad 
an approach to the subject of this 
paper, should be justified to the reader 
as the detailed procedures involved are 
considered later. 

Realizing the difficulty of consider- 
ing this subject in abstract or general 
terms, the author has prepared a typi- 
cal example of a situation, which will 
illustrate the procedures involved. Be- 
fore considering this, it should be em- 
phasized again that the basic consid- 
eration involved is that both users and 
properties should share fairly in raising 
the needed revenue requirements. Hav- 
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ing determined this fair allocation, the 
distribution between various users and 
properties in a rate structure becomes 
a detail, although admittedly an im- 
portant one. 


Illustrative Example of Procedures 
Involved 


Assumed Conditions 


Assume that a rate schedule is to be 
determined for a community, with a 
present population of 30,000, in which 
a system of intercepting sewers and a 
sewage treatment plant have recently 
been constructed. In this community 
it is assumed that a large wet industry, 
among others, is located; and it is de- 
sired to determine the fair costs which 
should be charged that major industry. 
It is further assumed the wastes have 
a variation with time similar to do- 
mestic and are amenable to 
treatment. 


sewage, 


1. Present flows and those used as a 
basis of design of the plant and inter- 
cepting sewers are as follows: 


Flow Basis of 


Present | Design (m.g.d.) 
Aver- 

Flow Source age |———_— 

Plant | Sewers 

(1970) | (2000) 
Sewage! | 3.00 | 4.50 | 12.00 
Major industrial waste | 0.75 | 0.90 2.00 
Ground-water infiltration | 0.50 | 0.60 2.00 
Storm-water runoff 4.00 
Contribution from public use | 0.25 0.30 | 0.80 
Total 4.50 | 6.30 | 20.80 


1 Sources exclusive of major industry. 


2. The average strengths of the sew- 
age and industrial wastes are assumed 
as follows: 


Susp. 5-Day 

Sol. B.O.D. 

(p.p.m.) (p.p.m.) 
All sources excl. of industry 250 200 
Major industrial waste 350 700 


3. Assessed valuations are as follows: 


Entire community (incl. major 
industry) 
Major industry 


$20,000,000 
$500,000 
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4. Construction costs of the various 


units are as follows: 


Constr. 
Cost ($) 


700,000 


Unit 
Intercepting sewers! 
Treatment plant: 
Main pumping station 
Equipment 
Structures 
Screen and grit chambers 
Preliminary sed. tanks 
Trickling filters 
Final sed. tanks 
Recirculation pumps 
Chlorination? 
Dig. tanks and vac. filters 
Main control building 
Plant water supply 
Roads and grounds 
Plumbing and heating 


30,000 
25,000 
30,000 
90,000 
600,000 
180,000 
15,000 
40,000 
160,000 
150,000 
50,000 
50,000 
80,000 
1,500,000 

2,200,000 


Total treatment plant 
Total Construction Cost 


! For purposes of simplicity, costs of collect- 
ing sewers are not included. 

? Contact tanks and equipment. 
5. It is further assumed that the 
fixed charges are limited to interest and 
bond retirement, and that the bond pe- 
riod corresponds to the useful life of 
the structures. Assumed debt service 
charges are bond retirement 4 per cent 
annually, and interest charges at an 
average of 1 per cent (2 per cent in- 
terest rate), or a total of 5 per cent. 

6. Operation and maintenance costs 
are as follows: 


Labor 
and 
Supervision 


$ 1,000 
3,000 
5,000 
5,000 
2,000 
7,000 
1,000 
6,000 
5,000 


Intercepting sewers 
Main pumping station 
Preliminary treatment 
Secondary treatment 
Effluent chlorination 
Sludge disposal 
General 

Supervisory 
Collection and billing 


Total $35,000 
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Allocation of Charges Between Users 
and Properties 


Having set forth the assumed condi- 
tions, it becomes necessary to apportion 
the needed annual revenue require- 
ments between users and property on 
the basis of the fundamental considera- 
tions that have been discussed. The 
total annual revenue requirements are, 
therefore, as follows: 


Fixed charges: 
Intercepting sewers 
Treatment plant 
Operation and maintenance costs 


$ 35,000 
75,000 
70,500 

Total annual charges $180,5 
1. Fixed charges—intercepting sew- 

ers. Considering the allocation (be- 

tween users and property) in the case 
of the intercepting sewers, it will be 
seen that the proportion of the capacity 
of the intercepting sewers used or oc- 
cupied by storm-water runoff and 
vround-water infiltration bears no rela- 
tion to the use made by the. direct con- 
tributor of sewage or wastes and, there- 
fore, is properly chargeable to prop- 
erty. In the same way, the proportion 
of the capacity provided for the future 
(50 years from present) is also a 
proper charge to property. It can 
similarly be shown that the contribu- 
tion of sewage from the public use of 
water can reasonably be charged to 
property. In Figure 1 are shown the 
relative proportions which might be 
allocated to users and to property in 


Materials 
and 
Supplies 


Maint., 
Repairs, and 
Replacements 


and 
Light 


| 
Total 
| 


$ 2,200 


$ 1,200 | 
9,200 


1,000 
500 
5,000 | 
200 
4,000 
1,000 | 


200 
200 
500 
3,000 
4,500 
1,000 
200 


$9,600 $12,900 $70,5 


; 

a 
2 
| aye | 
| | 1,000 | 6,700 
3,000 | 13,500 
| 5,200 
2,000 | | 17,500 
| 2,000 | | 5,000 
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FUTURE USE 32.7% 


OOMESTIC ANO OTHER 
SEWAGE 28.8 % 


GROUNOWATER 9.6% 


STORMWATER 123% 


FIGURE 1.—Allocation of fixed charges on the intercepting sewers. 


the case of fixed charges on the inter- 
cepting sewers. Of the total fixed 
charges on the intercepting sewers 
($35,000), 19.3 per cent is caused by 
storm water (4.0 m.g.d. of the total 
capacity of 20.8 m.g.d.), 9.6 per cent 
by ground water, 32.7 per cent by fu- 
ture provisions, and 2.4 per cent by 
public use (municipal buildings, ete.), 
or a total of 64 per cent chargeable to 
property. The allocation to users is 
28.8 per cent by domestic users and 
others, and 7.2 per cent to the major 
industry, or a total of 36 per cent. 

2. Fixed charges—treatment plant. 
In the case of the fixed charges on the 
treatment plant (amounting to $75,000 
annually), it will be seen that the 
relative proportion which should prop- 
erly be charged to users and property 
will differ in the various units. Thus, 
the proportion chargeable to property 
in the case of screens and grit chambers, 
pumps, sedimentation tanks, conduits, 
and outfalls, in which the design is 
based principally on volume, will be 
considerably greater than for digestion 
tanks, in which the principal design 


consideration is the suspended solids 
removed from the sewage. Similarly, 
the principal design consideration in 
the case of secondary treatment is the 
B.O.D. of the sewage. Figure 2 illus- 
trates the basic volume distribution be- 
tween users and property for this part 
of the problem, and indicates that 59.5 
per cent can properly be charged to 
present users and 40.5 per cent to 
property for works that are principally 
influenced by volume. It should be 
pointed out that 28.5 per cent of the 
total cost is chargeable to future use 
on a volume basis. <As time progresses 
and subsequent allocations are made, 
this proportion should be reduced until 
it reaches zero in 1970 (the year for 
which the plant is designed). 

In the case of plant units affected by 
organic and solids load, the proportion 
of the fixed charges chargeable to the 
future and, therefore, to property, can 
be estimated as follows: 


Susp. 
B.O.D. Sol. 
(Ib.) (Ib.) 
Present load (1950) 10,600 10,000 
Design load (1970) 14,200 13,900 
Chargeable to property (%) 25.4 28.1 
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DOMESTIC AND OTHER 
SEWAGE 47.6% 


MAJOR INDUSTRIA 
WASTE 


DOMESTIC AND 
OOMESTIC AND 52.5% 
THER SEWAGE °/TEMS AFFECTED BY AVERAGE VOLUME 
40.8% ° 


(TEMS AFFECTED 8Y BOD LOAD ITEMS 4FFECTED BY SUS SOL.LO&D 


FIGURE 2.—Allocation of fixed charges on the treatment plant. 


Allowance should be made for the plant water supply, roads and grounds, 
load contribution from public use as plumbing and heating, ete., are impos- 
well, and this portion charged to prop- — sible to apportion accurately unless the 
erty. The ground-water infiltration is details of a special situation are in 
assumed to carry no load and, there- hand. In this illustrative case these 
fore, is ineffective on these plant units. units are apportioned by the average 

Certain plant units having general percentages arrived at for all other 
use, such as the main control building, units exclusive of these four items. 


TABLE I.—Allocation of Fixed Charges 


User's Share Chargeable to 
= Chargeable to 
*roperty | | 
Pixec - Volume Susp. Solids | B.O.D. 
Charges ors | 
($ 


($ 


Intercepting sewers 35,000 | 6: 22,300 2 100.0 | 12,700 
Treatment plant 
jumping station 
600 ¢ 100.0 
ires 25 800 100.0 
Sereen and grit chambers o ) 950 55 60.0 


40.0 220 
Preliminary sed. tanks 5 1,800 85.0 | 2, 15.0 400 | 

Trickling filters } 2! 7,500 | 2: j 10.0 90.0 
Final sed. tanks ¢ ‘ 2,700 50.0 50.0 | 
Recirculation pumps F 2: | 200 100.0 
Chior. tanks and equip 2: 35 | 700 - 40.0 | | 60.0 
Dig. tanks and vac. filters 8, Ks 2,400 100.0 | 5,600 | 
Sub-total 58,! 30.5 17,650 | 9,900 6,220 | 60.6 
Main control bldg 5 30.3 | 2,300 : 1,310} 15.2] 7 60.6 | 
"lant water supply 30.: 800 24.5 410) 15.5 260 | 60.6 
Roads and grounds 2, 30.: 800 ‘ 410} 15.: 260 | 60.6 
Plumbing and heating 1,200 680 60.6 
Total plant 30.5 22,750 3 | 12,710 5.2 | 7,96 60.5 


Total fixed charges , 110,000 45,050 | 64,950 39.2 | 25,410 | 12.2 7,960 | 48.6 
| 


1502 
= 
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> . 
19 ° 70 

| 
| | | 
20,250 
3,150 
550 
780 
24,730 
3,100 
1,030 
1,030 
1,690 
31,580 5; 
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TABLE II.— Allocation of Operation and Maintenance Costs 


Total | Chargeable to | 

Oper. | Property | 
Structure or Function Maint. | 

Cost 


Interce ities sewers 
Main pumping station 


Preliminary treatment 6,700 | 50 3,400 
Secondary treatment 13,500 | 15 | 2,000 
Effluent chlorination | 5,200 | 15 800 
Sludge disposal 17,500; 5 | 900! 
General 5,000} 15 800) 
Supervisory | 6,200 | 15 | 900) 
Collection and billing | 5, 000 | 15 | 800) 
| 


70,50 17.8 12,500 | 


Total 


| User's Share Chargeable to 
ableto | Volume Susp. Solids | BOD. 
| (%) | (8) (s) 
900 | 60 | 500 40 | 400 - 
7,600 | 100 | 7,600 | 
3,300 | 50 | 1,700) 50 | 1,600) — | 
11,500! 10 | 1,200 | | 10,300 
4,400 | 10 400 | | 4,000 
16,600 | — | 1100 |16,600) — | 
4,200, 25 | 1,000) 43 | 1,800 | _ | 1,400 
5,300) 25 | 1,300) 43 | 2,300) 1,700 
4,200 | 25 | 1,000) 43° | 1,800) 32 1,400 
58,000 | 25.4/14,700| 42.1 124,500, 32.5 18s 800 


In total, the proportion of the total 
fixed charges on the plant ($75,000) al- 
located to property is $22,750, or 30.3 
per cent of the total. For the entire sys- 
tem the distribution of the $110,000 
fixed charges is $45,050 to property (or 
41 per cent) and the balance (59 per 
cent) to users. The details of the allo- 
cation of the fixed charges are shown 
in the left-hand side of Table I. 

3. Operation and maintenance costs. 
The allocation of the operation and 
maintenance costs, although  ap- 
proached in the same manner, results 
in quite different proportions charged 
to use and to property. Because deal- 
ings here are with present costs, 
charges for future capacity disappear 
and the proportion chargeable to the 
present users increases. Thus, in the 
case of power for sewage pumping, as 
an illustration, the proportion charge- 


able to property is 0.50 m.g.d. (infiltra- 
tion) plus 0.25 m.g.d. (publie use) di- 
vided by 4.50 m.g.d., or 16.7 per cent. 
In the case of sludge disposal facilities, 
however, infiltration carries 
with it negligible suspended solids as 
they affect this operation, a maximum 
of 0.25/4.50 (or 5.6 per cent) can prop- 
erly be charged to property. The ma- 
jor fraction of the cost of this operation 
should properly be chargeable to users 
on the basis of the suspended solids 
load. 

As shown in Table II (left-hand col- 
umns) the approximate allocations 
made herein result in 17.8 per cent, o1 
$12,500 of the total operation and main- 
tenance costs of $70,500, being charge- 
able to property and the balance to use. 

Summarizing the allocation of the 
fixed and operation charges: 


because 


Chargeable to 


| Users } Property 
Intercepting sewers 36.0 | $12,700 | 64.0 $22,300 
Treatment plant | 69.7 | 52,250 | 30.3 22,750 
Operation and maintenance costs 82.2 58,000 | 12,500 
Totals and averages | 68.1 | $122,950 | 31.9 | $57,550 
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TABLE III.—Allocation and Distribution of Total Annual Revenue Requirements 


| Fixed Charges 


Oper. and Maint. Total Annual Charges 


Chargeable to property 

Chargeable to users: 
Total 
Volume 
Susp. solids 
B.O.D. 


Total 


The amount allocated to property 
($57,550) can be distributed as a sew- 
age charge to different classes of prop- 
erty in any or combinations of 
methods already mentioned. For pur- 
poses of this illustration the ad val- 
orem tax is employed. On the total 
assessed valuation of $20,000,000 this 
results in a millage rate of 2.88, or 
$2.88 per $1,000 of assessed valuation. 
This, then, is the first part of the sewage 
rate structure. 

It now remains to distribute 
user’s share of $122,950 among 
different classes of users. 


one 


the 
the 


Distribution of User’s Share (Average 

Method) 

As already mentioned, the construe- 
tion and operation costs of the various 
units of a sewage works are influenced 
differently by the type of load they are 
called to operate on. Some units, such 
as the intercepting sewers, pumping 
stations, and preliminary sedimentation 
tanks, are principally affected by vol- 
ume. The oxidizing units are primarily 
influenced by B.O.D. content and the 
sludge disposal works by suspended 
solids. Chlorination is principally af- 
fected by chlorine demand, which for 
simplicity in this illustrative example 
is assumed to be in proportion to the 
B.O.D. loading. 

Tables I and II illustrate a distribu- 
tion of the user's share by volume, sus- 
pended solids, and B.O.D. It should be 
pointed out that in this distribution, 


($) 


45,050 


64,950 
25,410 

7,960 
31,580 


| 110,000 


($) 


57,550 


| 


122,950 
| 40,110 
| 32,460 
| 50,380 


100.0 


70,500 


| 180,500, 


more so than in the case of the alloca- 
tion to use and property, a considerable 
amount of judgment, reinforced by ex- 
perience, must be brought into play. 
With the details of a particular situa- 
tion in mind, however, the distribution 
is susceptible of relatively close caleu- 
lation. Thus, if one considers a trick- 
ling filter unit with recirculation, the 
design of the distribution and under- 
drainage systems at first glance might 
be considered as affected entirely by 
volume. However, the quantity of flow 
recirculated is influenced by the B.O.D. 
loading, which fact must be considered 
in the distribution. The cost of the 
filter bed proper is almost wholly 
chargeable to B.O.D., as is the cost of 
recirculation. 

The distribution of the user’s share 
of $122,950, as caleulated above, results 
in the following: 
Chargeable to volume 


Chargeable to susp. solids 
Chargeable to B.O.D. 


$ 40,110 
32,460 
50,380 


Total $122,950 


The allocation between users and 
property, and the distribution of the 
user’s share can now be summarized as 
in Table IIT and Figure 3. 


Determination of Rates and Schedules 
(Average Method) 


The sewage charge to property has 
already been determined as being 2.88 


: 
1504 
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| 41.0 17.7 | 12,500 | 31.9 
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oa 7.2 34.8 | 24,500 | 18.0 ; 
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mills. The rates to users can be ealeu- 
lated as follows 


To 
Chargeable Annual tri 
Quantities Unit Rate 
Volume 40,110 | 1,370 m.g. | 2.93¢ per 1,000 gal. 
Susp. Sol. 32,460 | 3,647,000 Ib. | $0.89 per 100 Ib. 
B.O.D. 50,380 \s 874,000 Ib. | $1.40 per 100 Ib. 


FAIR SEWAGE SERVICE CHARGES 


In the illustrative example the alloca- 
tion and distribution has been caleu- 
lated approximately, based on certain 
assumptions. This was necessary for 
purposes of simplicity, as otherwise the 
statement of assumed conditions would 
be undesirably long. In an actual situ- 
ation certain other factors in addition 
to those mentioned would be considered. 
The example, nevertheless, illustrates 
the basic principles involved. Engi- 
neers might differ somewhat in the ap- 
plication of this method, but the com- 
mittee believes that the principles are 
so eminently fair that courts and regu- 
latory agencies will approve, even if 
the details of calculations are not en- 
tirely vorrect or fair. 
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In the illustration the contribution of 
sewage by public use has been charged 
against property. This amounts to be- 
tween 2.4 and 4.0 per cent of the dif- 
ferent parts of the works. A variation 
in this method suggested by the Joint 
Committee is based upon the reasoning 
that there is a public benefit in the 
form of improved general health and 
welfare, and in freedom from damage 
suits, by reason of the existence of the 
sewage works, and a percentage of cost 
ean properly be charged as a general 
public benefit. This amount is intangi- 
ble, but would be small (the Joint 
Committee report empioys 5 per cent 
in an illustrative example.) 

Furthermore, the above are the theo- 
retical rates which would have to be 
charged to raise the needed annual 
revenue requirements. In an actual 
situation they would be made slightly 
higher to allow for possible non-collee- 
tions and contingencies, or for 
counts if such were to be applied. 

Maving completed the calenlations 
for the illustration, it is interesting to 


dis- 


TOTAL ANNUAL REVENUE REQUIREMENTS 
8 180,600 


FIXED CHARGES 
$110,000 


$45,050 


70 \$/2,500 
241.0% 957'380 519% 


RATE OF 2.88MILLS 


OPER. MAIN. COSTS 
870,500 


“17.7% 


$64,950 
*520% | $122,950 


CHARGEABLE TOUSERS 


$56,000 


268/% 


RATE OF 2.93 ¢ 
PER 1,000 GAL'S 


FIGURE 3.-—Illustrative example. 
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Allocation and distribution of total annual revenue 


requirements to users and to properties. 
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consider in a general way what would 
happen to the allocation for other sew- 
age works involving differing units and 
proportions. In the illustration the 
construction cost of intercepting sew- 
ers is a small percentage of the total. 
In a situation where the sewers consti- 
tute a larger percentage of the total 
construction cost, the amount of the 
fixed allocated to property 
would increase from the value of 41.0 
per cent determined herein. Also, 
where the degree of treatment is lower 
than assumed (complete treatment with 
effluent chlorination) the alloeation be- 
tween users and property and the dis- 
tribution of the users share to quantity 
and quality would be materially differ- 
ent. 

Depending on the situation, the rela- 
tive proportions allocated to use and 
to property might vary materially from 
the values of 68.1 and 31.9 per cent 
determined herein. In the usual situa- 
tion, somewhere between 14 to 34 of 
the will be 
chargeable to users in the early years 
of a project. From information avail- 


charge 


revenue requirements 


able to the writer, the results of appor- 


tionment engineering 
office for four municipalities compared 
with the illustrative example as follows: 


made by one 


Percent Chargeable to 
Public and Property Use 
37.1 
49.4 
29.1 
18.1 


31.9 


Municipality 
Decatur, Il. 
Winona, Minn 
Austin, Minn. 
Buffalo, N. Y 
Illustration 


62.9 
50.6 
70.9 
51.9 
68.1 


The municipalities are quite different 
in type as related to industrial use and 
other factors. The illustration results 
in relatively low allocations to property 
as compared to most of the other com- 
munities. 


Modification of User’s Share Distribu- 
tion on Readiness to Serve Principle 
The foregoing caleulations are based 

on the average method of distributing 

the user’s share of the annual revenue 
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requirements. In general, this follows 
the premise that users should pay in 
proportion to their average use of the 
system. In other utility rate-making, 
the tendeney is to divide the costs based 
on two elements of service—the readi- 
ness to serve, or demand charge, and 
the actual charge based on the 
quantity of the commodity consumed. 
The Joint Committee sets up a pro- 
cedure for doing this. Essentially, the 
procedure involved is to divide the 
user's share into capacity costs (those 
influenced by demand), customer costs 
(billing and collection), and produc- 
tion costs (in this case pumping and 
treatment). In this case the three ele- 
ments of costs are $71,350, $4,500, and 
$47,100, respectively. The Committee 
suggests that one-half of the capacity 
costs plus the customer costs be col- 
lected by demand or readiness to serve 
charges (or minimum bills) and the 
balance by the use charge. In this 
case then, the amount to be collected 
by demand or readiness to serve charges 
would be $71,350 x + $4,500 = 
$40,180. The the 
pacity cost plus the production costs, 
or $71,350 x 1% + $47,100 = $82,770 
would be collected by the commodity or 


use 


balanee of 


use charge. 

The readiness to 
charge might be distributed by a 
method which ineludes both volume 
and strength as reflected by the relative 
proportions of the fixed charges on con- 
struction. The maximum daily demand 
during the previous year might serve 
as a basis of this distribution, in the 


demand or serve 


case of the major wet industry under 
For the usual contributors, 
the size of the water meter could be 
employed as a measure of this demand, 
as is the practice in the waterworks 
field. 

In determining rates for use, in this 
‘ase represented by $82,770 per year, 
several blocks could be established, de- 
pending on the sewage quantity and 
quality. In distributing the rates 
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among the various blocks the caleula- 
tions would be made up of two parts. 
First, the item of $47,100 representing 
the user’s share of the cost of treatment 
and pumping (usually termed produe- 
tion costs) would be spread uniformly 
over all users. The amount of $35,670 
(or one-half of the fixed charges allo- 
cated to use) would, according to the 
Committee method, be distributed over 
all of the blocks, with the major por- 
tion chargeable to the first block, de- 
creasing progressively in the other 
blocks. Inasmuch as the details of the 
assumed system (size and distribution 
of meters and use) are not available, 
the complete distribution of the user’s 
share on this basis is not made herein. 

For a complete discussion of the pro- 
cedures involved in such a distribution 
the reader is invited to review the 
Joint Committee Report (3) referred 
to. The underlying principle involved 
is that service can be provided at less 
cost per unit to the large user than to 
the smaller one, and this principle can 
be followed in distributing the user’s 
share of the cost. 


Determination of Annual Charge to 
Major Wet Industry 


By applying the unit rates previ- 
ously determined to the quantities ap- 
plicable to the industry under consider- 
ation, the following annual charges re- 
sult : 


Property charge 
Volume charge 
Susp. solids charge 
B.O.D. charge 


Total 


Under the Joint Committee method, 
therefore, this industry which has 2.5 
per cent of the total valuation of the 
community and contributes 20.0, 21.8, 
and 41.2 per cent of the total volume, 
the suspended solids, and the B.O.D. 
loads, respectively, pays 20.6 per cent 
of the needed total annual revenue of 
the works. 
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Comparison of Methods as Applied to 
the Major Wet Industry 


It is interesting to compare the 
charges which might be assessed against 
the industry involved in the illus- 
trative example under several of the 
methods now in use. 


Method 1—All charges general 
property tax. 
500,000 
$180,500 x 30,000,000’ or 2.5% ) 
= $4,520 


Method 2—All charges based on sew- 
age volume (uniform rate). 


274,000,000 

$180,500 , or 20.0% 

= $36,100 
Method 3—All charges based on B.O.D. 
contribution. 

1,594,000 
$ 2% 
$180,500 X (eta or 41.2% 


= $74,500 


Method 4—Incremental method. Dif- 
ference in cost of works to 
handle all sewage and 
wastes (including indus- 
trial wastes) and the cost 
of work to handle only do- 


$500,000 at 2.88 mills = $ 1,440 
274,000 thousand gal. at 2.93¢ = 8,030 
7,970 hundred Ib. at. $0.89 = 7,100 
15,940 hundred Ib. at $1.30 = 20,700 

$37,270 


mestic sewage. These costs 
have been estimated ap- 
proximately as follows: 


Total Inel. Total Excl. 

Industry Industry 
Construction cost $2,200,000 $1,852,000 
Fixed charges, at 5% 110,000 92,500 
Oper. and maint. costs 70,500 63,100 
Total annual charges 180,5 155,600 


Chargeable to industry 


$24,900 
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Method 5—Fixed charges on property 
by taxation; operation and 
maintenance on volume 
(uniform rate) : 


Fixed charges 
Oper. and maint. costs 
Fixed charges 
Oper. and maint. costs 


Total 


A variation of more than 1,600 per 
cent is observable between the lowest 
annual charge ($4,510 on property tax) 
and the highest ($74,500 on B.O.D. 
contribution Also, it should be 
pointed out that the apparent equality 
of the charges for Method 2 (volume 
and the Joint Committee 
method is a coincidence only (because 
of the assumption made as to volume 
and strength for this particular in- 
dustry). As will be seen later, there 
is no correlation between the volume 
basis and the Joint Committee method 
for other types of users and property. 


basis ) 


Comparison of Methods of Apportion- 
ing on Different Users and 
Property 


The calculations heretofore indicate 
the effect of different methods of ap- 
portionment compared to the Joint 
Committee method for one particular 
class of user and property. Because 
the aim is to fairness to all 
classes, it is essential to ascertain how 
the different methods affect the usual 
question of ‘‘who pays the bill.’’ Cal- 
culations have been made for three 
other classes of users and properties 
as follows: 


1. A residence having an assessed 
valuation of $5,000, with an annual 
use of 108,000 gal. of water, equiva- 
lent to 75 g.c.p.d. based on four persons 
to the family. The B.O.D. load is as- 
sumed at 180 lb. per year and the sus- 
pended solids load at 225 lb. per year. 

2. The major wet industry already 
described. 

3. A major dry industry having the 


secure 
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same assessed valuation as the major 
wet industry ($500,000), but contribut- 
ing 1,830,000 gal. per year having a 
B.O.D. load of 1,830 Ib. (at 120 p.p.m.) 


$110,000 
$ 70,500 
$110,000 X 2.5% 
$ 70,500 X 20% 


and a suspended solids load of 
lb. (at 145 p.p.m.) annually. 

4. A small wet industry having an 
assessed valuation of $80,000, an an- 
nual sewage volume of 36,500,000 gal., 
an annual B.O.D. load of 304,000 
lb. (at 1,000 p.p.m.), and an annual 
suspended solids load of 253,000 Ib. 
(at 800 p.p.m.) 

The results of the calculations by the 
different methods are shown in Table 
IV and Figure 4. The wide difference 
in the charges to various classes of 
property by the different methods is 
apparent. Considering first the resi- 
dential property, the very high charges 
based on Method 1 (property tax for 
all charges) are observable. Although 
somewhat reduced, Methods 2, 4, and 
5 result in high charges to the resi- 
dential user and property. The major 
dry industry, on the other hand, pays 
as much as the wet industry if all 
charges are apportioned on a property 
valuation basis. It proportionately 
pays a very small amount if costs are 
apportioned in accordance with Meth- 
ods 2, 3, or 4. The small wet industry 
pays only a small fraction of its fair 
share of the costs on a general tax 
On a B.O.D. basis (Method 3) 
it pays proportionately too great a 
share of the annual costs. 

In a general way it can be stated 
that when all revenue requirements are 
raised by a general property tax, the 
residential owner, the commercial prop- 
erty, and industrial establishments of 
the dry type pay more than their fair 
share of the The charges to 
residential properties as shown in Fig- 
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ure 4 indicate that the familiar state- 
ment, ‘‘It’s father who pays the bill,”’ 
becomes a truism in this case. And 
he might not be concerned if he was 
employed in a wet industry, and ob- 
tained from it as salary the wherewith- 
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all to pay his taxes. But if he hap- 
pened to be employed in a machine or 
printing shop, he might very well ques- 
tion the fairness of this method. Dis- 
tributing all of the costs on the 
strength of sewage places an unfair 


METHOD! METHOO2 METHODS METHOD4 METHOOS METHOOE 
3 83 saz 
gat ge 3S 
ol 
A A G 
RESIDENCE 
75,000 |_ 
50,000 Y 
225,000 | Z 
0 Z ZG 
MAJOR WET INDUSTRY 
6000\ 
= 
3 
4000 
U; 
= 20001 
# 
o 
MAJOR ORY INDUSTRY 
30,000 |_ 
20,000\_ 
10200 ] 
SMALL WET INDUSTRY 


FIGURE 4.—Comparison of various methods of allocating cost on different classes 
of users and properties. 
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TABLE IV.—Comparison of Various Methods of Apportioning Costs on Different 
Classes of Users and Properties 


Residence 


5,000 
108 
180 
99% 


“ev 


Assessed valuation ($) 
Annual sewage (1,000 gal.) 
Annual B.O.D., (ib.) 
Annual susp. sol. (Ib.) 


Method 1 all charges on general 
property tax (3) 


Method 2—all charges on sewage 
volume, uniform rate 


Method 3—all charges on B.O.D. 
contribution ($) 

Method 4-—incremental method 

Method 5—fixed charges on prop.; 
O & M costs on volume 33.06 


Method 6—J. C. 4-part rate 8.96 


! Based on volume. 
2 Based on B.O.D. load. 


burden on the wet industries in pro- 
portion to the benefits and use re- 
ceived. Most other methods result in 
unfairness to certain classes of users 
and property. 

As approximately 30 per cent of the 
capacity of the works is provided for 
future it is desirable to consider 
the effect of the different methods of 
charging on undeveloped property. For 


use, 


this purpose an undeveloped parcel is 
assumed having an assessed valuation 
of $500. With all charges on property 
(Method 1) this parcel would pay 
$4.51 annually. However, with all 
charges made against users (Method 2 

volume basis, and Method 3—B.0.D. 
it would pay nothing, even 
though almost one-third of the capacity 
of the works is provided for later use 
by undeveloped property. Under the 
Joint Committee method (if 
valuation is used as the base) it would 
pay $1.44 annually. As a matter of 
fairness it should pay a greater share, 
it would front 
served as the basis. This may involve 


basis 


assessed 


as if area or footage 


Major Wet 
Industry 


Small Wet 
Industry 


Major Dry 
Industry 


80,000 
36,500 
304,000 
253,000 


500,000 
1,830 
1,830 
2,190 


500,000 
274,000 
,004,000 
797,000 


4,510.00 1,510.00 723.00 


36,100.00 241.00 4,820.00 


74,500.00 85.30 14,200.00 


24,900.00 260.00! 20,700.00? 


16,850.00 2,844.00 2,320.00 


1,536.80 7,510.00 


37,270.00 


certain complications, because an un- 
developed property accessible to an ex- 
isting sewer receives a greater benefit 
than does another remote parcel, which 
may not be serviced for some time in 
the future. 

In summarizing this comparison it 
will be seen that the Joint Committee 
method results in charges, which, for 
different classes of users and property, 
in between the extremes of the 
other methods which have been used. 
Because of its fairness to all concerned 
in distributing the cost of pollution 
abatement, it should be aecepted by in- 
dustry, except perhaps by a minority 
who may be looking for advantage. 


are 


Problems in Applying Joint 
Committee Method 
Lest the reader gain the impression 
that the employment of this method is 
extremely simple and that no adminis- 
trative decisions and technical judg- 
ment are involved, it is desirable to 
point out certain problems, some of a 
minor and others of a major nature, 
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which present themselves. Some of 


these are: 


1. A decision on how the distribution 
of the share of the costs allocated to 
use should be applied to residential and 
commercial users must be reached. Be- 
cause, as suggested by the illustrative 
example, approximately two-thirds of 
the use share is to be raised by charges 
based on constituents (B.O.D. and sus- 
pended solids), and because it would be 
impracticable to measure this contribu- 
tion, it is necessary to develop a way 
to raise this share of the funds. It 
being desirable to have a volume sched- 
ule of charges uniform in its applica- 
tion to all, the fraction chargeable to 
strength could be collected by a sur- 
charge on the basic rate for this class 
of user. As applied to the illustration, 
there could be added to the volume rate 
of 2.93¢ per 1,000 gal. a surcharge of 
6.05¢ per 1,000 gal. to account for the 
constituents in average domestic sew- 
age. 

Another approach which has been 
used is to apply to the volume charge 
the quality charge for sewage of nor- 
mal characteristics and to make this the 
basic quantity charge. For the illus- 
tration used, this basic charge would 
be 8.98¢ per 1,000 gal. Then a special 
industry would be surcharged or dis- 
counted on the quality charge, depend- 
ing on whether its wastes were stronger 
or weaker than sewage of normal 
strength. This procedure may be sim- 
pler in application, but both produce 
the same end result. 

2. Inasmuch as sewage characteris- 
tics are a factor in the rate schedule 
under the Joint Committee procedure, 
as they are in other methods which in- 
clude composition along with volume, it 
becomes necessary to measure and ana- 
lyze the various industrial wastes pe- 
riodically. This costs money. Neglect- 
ing the first cost of the measuring 
devices, the costs of sampling and ana- 
lysis may be in the range of $40 to 
$80 per day of sampling. The fre- 


quency of sampling has been variously 
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suggested as biennially, annually, semi- 
annually, and quarterly, depending 
somewhat on the size and type of in- 
dustry. As one considers the small- 
sized industries the expenses of sam- 
pling may be prohibitive. As an il- 
lustration, the cost of quarterly sam- 
pling for one day each on our small 
wet industry contributing 100,000 
g.p.d. of waste would be approximately 
$250, which is more than 3 per cent of 
the income produced in the form of 
rates. This industry contributes a 
waste of 1,000 p.p.m. As the waste 
from another industry of the same 
volume contribution approaches the 
strength of normal sewage (200 p.p.m.), 
the cost of sampling would be about 15 
per cent of the income. Or,: consider- 
ing an industry of the same type as the 
small wet industry, but contributing 
only 10,000 g.p.d. of wastes, the cost of 
sampling on the same basis would be 
more than 30 per cent of the income. 

If one considers an average of two 
days of sampling a year as necessary, 
and if a top limit of 5 per cent of the 
income from a user is set as a reason- 
able cost of sampling, then it might be 
proper to exclude from such procedure 
all contributors whose annual bill is 
less than $120 x 20, or $2,400. This 
suggests two reasonable expedients. 
The first is to place a minimum limit on 
quantity, below which sampling will 
not ordinarily be done. Although not 
for the same purposes, the Chicago 
Sanitary District proposed such a limit 
as 10,000 g.p.d. For the purposes of 
this procedure it would seem that the 
limit might be higher (except for an 
unusual waste), or about 50,000 g.p.d. 

Another is to set up in the rate ordi- 
nance a strength of sewage to be con- 
sidered as an industrial waste high 
enough that it would exclude a number 
of the lesser contributors. Thus, if a 
top limit of 400 p.p.m. of either sus- 
pended solids or B.O.D. (almost twice 
the strength of the assumed ordinary 
domestic sewage) were set as the divid- 
ing line, a relatively large number of 
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might be excluded from 
consideration. An objection, of course, 
is that this procedure would encourage 
dilution with cooling, or condenser, or 
other clean waters to escape the 
strength provisions of the rate sched- 
ule. However, by so doing, the industry 
would be penalized on the quantity por- 
tion of the schedule, although in some 
cases perhaps not in the same propor- 
tion. 

Obviously, then, the load in pounds 
of B.O.D. or suspended solids would 
be the more exact yardstick. If one 
employs the two limits considered above 
of 50,000 g.p.d. and 400 p.p.m. of sus- 
pended solids or B.O.D., then the an- 
nual load limit which might be ex 
cluded would be 60,000 Ib. Such an 


industries 


industry would contribute (assuming 
both suspended solids and B.O.D. were 
at 400 p.p.m.) $1,850 annually on the 
user’s share of the schedule. Sampling 


for a single day once a year would 
amount to about 3 per cent of the in- 
come from the industry, which might 
be considered reasonable. 

It should be understood that the lim- 
iting values considered above are not 
suggested for use, but are simply il- 
lustrative. The illustration does point 
up the fact that in a rate ordinance 
reasonable limits should be set on the 
quantity and quality of wastes which 
should be considered in this connection. 
Otherwise, unreasonable expenditures 
may be involved in 
analysis. 

3. A problem very frequently pre- 
sents itself when the collecting system 
has already been installed and has been 
paid for on a property basis (either 
by tax levy, or special assessment, or 


sampling and 


both) and many years later the need 
for intercepting sewers and a treat- 
ment plant arises. The Joint Commit- 
tee method ineludes such sewers in 
determining the rate base. The amount 
chargeable to this unit should be segre- 
gated and considered separately in de- 
termining the allocation of charges. 
This difficulty is caused by early un- 
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fair practice, and should be corrected 
on a fair basis as far as feasible. 

4. It is recognized that municipal 
sewage systems have a very poor load 
factor, as variations in quality have 
somewhat the same pattern as varia- 
tions in quantity. Certain industries 
may add to the peak loads, whereas 
others, either inherently or by con- 
trolled storage, may improve the load 
factor. It is conceivable that the dis- 
charge from an industry ean be so 
regulated by storage that it adds noth- 
ing appreciably to the designed ca- 
pacity of the works, and little to the 
operation costs of certain parts of the 
plant. In fairness, some adjustment in 
the rates should be accorded this in- 
dustry when compared to one which 
adds its peaks, either normal or ab- 
normal, to those of the balance of the 
system. Conversely, the industry 
which adds unreasonably to the peaks 
should be required to provide storage 
or should pay a higher rate. 

5. It is also recognized that a great 
number of factors of influencing or 
controlling importance are involved in 
these procedures. The Committee re- 
port of the California Sewage Works 
Association 
these. 


(38) diseusses some of 
Sometimes the governing body 
will not feel that it can apply the prin- 
ciples set forth in the Joint Committee 
method, what with already high prop- 
erty taxes and attempts to broaden the 
tax base. Nevertheless, the results of 
the Joint Committee method should be 
recognized as a point of departure, so 
that when the practicalities of a local 
situation influence otherwise, adminis- 
trative officials will be advised of just 
how far they are departing from a fair 
procedure. 

6. Although this problem applies 
equally to other types of rates and rate 
structures, it should be recognized that, 
to approach fairness, the allocation and 
distribution made by the Joint Commit- 
tee procedures, because they change 
with time, should be reviewed pe- 
riodically. Considering just one ele- 
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ment of the allocation (for example the 
provisions for the future), it has al- 
ready been pointed out that this pro- 
portion becomes less as the continued 
growth of the community approaches 
the capacity of the works. The fre- 
quency of review would depend on the 
rate of development of the community 
and its component parts, and intervals 
of 3 to 10 years have been suggested. 
However, once the basic facts have 
been developed this becomes a_ rela- 
tively simple problem. 


Use of Formulas for Determining 
Charges to Industry 


In the past five years, more and more 
references are found in the literature 
to the use of formulas designed to 
charge industry for the special service 
it receives. Where an allocation of 
costs between users and property is 
made in advance (as in the case of 
Buffalo, N. Y.) and a special formula 
is applied to the user’s share which 
measures the use and benefits, then 
fairness is possible. 

Engineers are inclined to accept a 
formula as a mathematical expression 
of facts. Obviously, what may be so 
fer the particular case for which it was 
derived may be an invalid expression 
when applied to others. Furthermore, 
the formula may not be factual at all. 
The author deprecates the continued 
advocacy of this type of rate making. 
Formulas are too easily seized upon 
by the uninitiated, who, with a false 
sense of security, apply them with dis- 
astrous results, insofar as fairness is 
concerned. 

In an attempt to illustrate this, the 
author has applied the Wright (27) 
formula to the example previously con- 
sidered. Incidentally, this formula has 
been applied by at least one large 
city (29) (45) (46) (with some reason- 
able modifications, however) and one 
small city (28) which have come to the 
author’s attention. By applying the 
formula as presented, as one city (28) 
has done, the charge to the illustrative 
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major wet industry would be $75,300. 
By modifying it to take into account 
the differences in strength between the 
illustration and those which the formu- 
lator assumed, the charge to the wet 
industry becomes $69,300. This com- 
pares with charges of approximately 
$37,000 by the Joint Committee 
method. It approaches those which the 
industry would pay on a proportional 
B.O.D. basis. And considering the 
method of development, it should be 
so, because the formula is based on the 
assumption that all costs of treatment 
are proportional to the strength of the 
sewage. Many of them are not, as 
witness the fact that collection, pump- 
ing, and sedimentation costs are based 
almost wholly on volume and not on 
strength. 


Summary and Conclusions 

1. A number of widely varying meth- 
ods of determining charges for the 
handling of industrial wastes are em- 
ployed in United States municipalities. 

2. Most of the methods employed 
place too great a burden on _ prop- 
erty on the one hand or users on the 
other and, therefore, result in unfair- 
ness to certain classes of properties and 
users. 

3. A sincere desire has been shown 
by administrators and engineers of mu- 
nicipalities and industries to achieve 
fairness. 

4. The Joint Committee procedure 
presents a method of achieving fairness 
in the allocation of costs between users 
and properties in proportion to the use 
of, and the benefits received from, the 
sewage works. 

5. Even with the adoption of a 
method which fairly allocates the costs, 
a number of factors of influencing or 
controlling importance must be consid- 
ered in each local situation. 

6. The more general employment of 
the Joint Committee method, admit- 
tedly not as yet adequately tested in 
all procedural details, will result in 
improvements in its application. 
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CORRECTION 


In the paper on ‘‘Color in Industrial Wastes. IT. Determination 
by Filterphotometrie Method’’ (Tus JourNnaAL, 23, 10, 1291; Oct., 
1951), the sentence beginning on page 1295, line 15, should read: 

““The total color contribution factors for the Y and Z transmis- 
sion values were calculated to be, respectively, 0.316 and 0.374.’’ 
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DETERMINATION OF PHENOLS BY THE AMINO- 
ANTIPYRINE METHOD * 


By Micuaet DANNIS 


Chemist, Research Laboratories, Armco Steel Corp., Middletown, Ohio 


Recently, pilot plant studies were. 


made on the chemical oxidation of small 
amounts of phenol in coke plant am- 
monia still waste. In these studies 
there was a need for a rapid method for 
the determination of phenol. A rapid 
method would provide the information 
required as a guide for subsequent 
treatments and would make possible the 
analysis of a large number of samples. 
From a review of the literature, it was 
believed that a method based on the 
reaction of 4-aminoantipyrine reagent 
with phenol might be readily applied 
to this problem. The purpose of the 
present paper is to present additional 
information on the use of 4-amino- 
antipyrine as a reagent for the simple 
and rapid determination of phenols. 

In 1943 Emerson (3) reported that 
in alkaline solutions phenols react with 
4-aminoantipyrine in the presence of 
oxidizing agents to form intensely col- 
ored compounds. He also pointed out 
the structural requirements that must 
be met by the phenolic compounds if 
the color reaction is to take place and 
listed a large number of organic com- 
pounds and their reactions with 4- 
aminoantipyrine. 

The aminoantipyrine reaction was 
used by Gottlieb and Marsh (6) as the 
basis for the determination of certain 
preservatives, germicides, and other 
similar phenolic compounds. These 
same authors also presented absorption 
curves of the color produced with the 
various compounds, in addition to a 
detailed procedure. 

* Presented at 25th Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment Con 
ference; Columbus, Ohio; June 20-22, 1951. 


Martin (7) applied this method to 
the determination of phenol in salt 
brine solutions without preliminary 
purification. However, he recom- 
mended the use of filtration and dis- 
tillation for cloudy and colored solu- 
tions. 


Special Solutions and Equipment 


The special solutions and equipment 
needed in the determination of phenol 
by the aminoantipyrine method in- 
clude: 


1. A filter photometer, such as the 
Klett-Summerson or the Kromatrol 
photometer, using a filter with maxi- 
mum transmittancy at approximately 
510 mp. and having a cylindrical cell 
with a light path of approximately 1 
em, 

2. A pH meter. 

3. Pyrex all-glass distillation appa- 
ratus (No. 3,360), consisting of a 500 
ml. distilling flask and a Graham econ 
denser. 

4. 4-aminoantipyrine, 2 per cent (wa- 
ter solution of powder as received from 
Winthrop-Stearns, Inc.) 

5. Potassium ferricyanide, 8 per cent 
water solution. 

6. Standard phenol solution (100 
p.p.m.) containing 0.100 g¢. white erys- 
tals of phenol (analytical 
grade) diluted to 1 liter. 


reagent 


Experimental Procedure 
The experimental procedure of the 
method was carried out as follows: 


Transfer a definite amount 
or less) of a 


(75 ml. 
solution containing a 
maximum of 500 micrograms of phenol 
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to a 250-ml. beaker. If necessary, di- 
lute to 75 ml. and adjust the solution 
to pH 10.5 with dilute (1:9) NH,OH. 
Transfer this solution to a 100-ml. 
volumetric flask and dilute to the 
mark with distilled water. 

Add 2.0 ml. of 4-aminoantipyrine so- 
lution and mix well. Rinse the photo- 
meter absorption cell with approxi- 
mately 5 ml. of the solution. Then 
add approximately 10 ml. to the cell 
and obtain a reference reading on this 
solution. This value is deducted from 
the total reading obtained after color 
development. Now add 2.0 ml. of the 
potassium ferricyanide solution and 
mix well. Rinse the cell and then ob- 
tain a reading on the colored solution. 


Quantities of 4-Aminoantipyrine and 
Potassium Ferricyanide 

In investigating the variables of this 
procedure, a study was made of the 
amounts of 4-aminoantipyrine (AAP) 
and of potassium ferricyanide required 
to give the maximum color density. 
Using as a guide the quantities of re- 
agents given by Gottlieb and Marsh 
(6), investigation showed that the 
maximum color density is obtained 
when 2.0 ml. of each reagent is used 
for 100 ml. of solution containing up 
to 500 micrograms of phenol. Figure 
1 shows the effect of varving amounts 
of these reagents upon the density of 
the color formed. 
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Effect of pH upon Color Formation 


Emerson (3) stated that an intense 
color is formed due to the reaction 
products of 4-aminoantipyrine with 
phenols, provided the alkalinity is high 
enough to prevent the formation of 
antipyrine red. In their work Gottlieb 
and Marsh (6) recommended an adjust- 
ment to pH 10.4 to 10.6. 

It appeared advisable to investigate 
the effect of pH on the color formation. 
To accomplish this, readings were ob- 
tained at various pII levels on reagent 
blanks and also on solutions containing 
500 micrograms of phenol. Figure 2 
shows the color densities produced on 
these solutions at the various pH levels. 
From these curves it is seen that the 
antipyrine red color of the reagent it- 
self forms at pH 7.5 to 8.0 and lower. 
When the alkalinity is greater than pH 
8.0, the color density remains constant 
until a pII of 10.0 is reached. Beyond 
this point the color density decreases 
with further increase in alkalinity. 
Above pH 8.0 the reagent blanks are 
very low. 

At this point, it must be mentioned 
that the addition of the reagents af- 
fects the final pH obtained. Individu- 
ally, the 4-aminoantipyrine solution or 
the potassium ferricyanide solution has 
almost no effect on the pH of the so- 
lution. However, it was observed that 
when these reagents are both added to 
the same solution an appreciable drop 
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FIGURE 1.—Reagent requirements (for 100-ml. volume). 
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FIGURE 2.—Effect of pH on color intensity. 


in the pH of the solution results. Be- 
cause the pH of the solution is ad- 
justed before addition of the reagents, 
the attainment of the permissible final 
pH is a matter of trial and error. It 
was also observed that the presence of 
sufficient ammonium chloride greatly 
lessened this drop in pH, probably due 
to the slight buffering action of the 
ammonium chloride. Table I shows the 
effect of ammonium chloride upon the 
stability of the pH. The amount of 
ammonium chloride necessary to pro- 
vide this stabilizing effect was arbi- 
trarily chosen as that amount which 
would be formed by additions of at 
least one drop of dilute (1:1) hydro- 
chlorie acid and 5 ml. of dilute (1:9) 
ammonium hydroxide. 

This buffering action and the broad 
pH range permissible eliminates the 
necessity of measuring the vH after the 
formation of the color. 

Although it was shown that the final 
pH may vary from approximately pH 
8.0 to 10.0, good practice dictates that 
closer limits be placed on the pH range. 


The optimum pH range for other phe- 
nolic compounds may not be as broad 
as the pH range for phenol itself. 
This is indicated by the observation of 
Gottlieb and Marsh (6) that a varia- 
tion of 0.5 pII unit caused deviations 
in density and stability of the color of 
certain phenols. 

The initial pH should be adjusted 
near the upper limit of the pH range 


TABLE I.—-Buffering Effect of Ammonium 


Chloride 


pH After Addition of AAP! 
Initial and Ferricyanide 


Pp — 


Present 


11.0 
10.8 
10.5 10.2 
10.4 10.2 
10.1 9.9 
10.0 
9.9 9.8 
9.6 } 9.5 


NH.C1 Absent 
10.8 
10.6 


1 Aminoantipyrine. 
2 Introduced by addition of 1 drop of dilute 
(1:1) HCl and 5 ml. of dilute (1:9) NH,OH. 
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of 8.0 to 10.0 for two reasons. First, 
the initial pH should be high because 
there is a tendency for the pH to drop 
after addition of 4-aminoantipyrine 
and potassium ferricyanide (this tend- 
ency, of course, is reduced when suffi- 
cient ammonium chloride is present). 
Secondly, it is believed that organic 
compounds, such as aromatic amines, 
will interfere to a lesser degree at 
higher pH levels. For example, the 
interference of aniline has been shown 
to be less at higher pH levels in in- 
vestigations made by Ettinger, Ruch- 
hoft, and Lishka (5). However, be- 
cause their observations were made on 
chloroform extractions of the colored 
compounds, the same relationship may 
not necessarily be true for aqueous so- 
lutions. 

It is recommended that the solution 
be adjusted to an initial pH of about 
9.8 (9.6 to 10.0). The final pH would 
then be approximately 9.5 to 9.9 under 
the prescribed conditions; that is, with 
ammonium chloride present. 


Distillation of Samples 


If no interfering compounds are pres- 
ent in the sample, it is simpler and 
faster to analyze for phenols by de- 
veloping the color without distillation 
of the sample. The practice, previously 
described, of obtaining a_ reference 
reading prior to the addition of the 
potassium ferricyanide permits the use 
of slightly cloudy or colored solutions, 
especially if the phenol content is suffi- 
ciently high to permit the use of a small 
sample. 

However, distillation is required on 
samples that are intensely colored, very 
turbid, or contain interfering inorganic 
or organic compounds. This distillation 
is performed in a pyrex all-glass distil- 
lation apparatus after addition of cop- 
per sulfate and adjustment with phos- 
phorie acid to approximately pH 4. 
The procedure is similar to that used 
in the Gibbs method (1). <A detailed 


discussion of the distillation technique 
is given by Beshtegoor, Greene, and 
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TABLE II.— Distillation of Sample 
(5 to 400 p.p.m. Phenol) 


10-ml. Portion | % Sample % 
of Distillate | Distilled! Phenol Distilled 
Ist | 9 18 
2nd 18 34 
3rd 27 49 
4th 36 62 
5th 46 7 
6th 55 81 
7th | 64 88 
8th 73 93 
9th 82 
10th 91 98 


1110-ml. sample. 


Stenger (2) and Ettinger and Kroner 
(4). 

The procedure used in connection 
with the 4-aminoantipyrine method 
consists of distilling a 110-ml. sample, 
which has been adjusted as stated 
above, and collecting 100 ml. of dis- 
tillate. Analyses made on the separate 
fractions of the distillate indicate that 
the amount of phenol distilled is not 
proportional to the amount of sample 
distilled. Table IT shows the percent- 
age of phenol distilled in successive 10- 
ml. fractions. 

When 100 ml. of distillate are col- 
lected, 98 per cent of the total phenol 
has been distilled. To obtain the same 
concentration of phenol in the distillate 
as was present in the sample, the value 
of phenol obtained on the distillate 
must be multiplied by 0.93, or 10/11 + 
0.98. 


Interfering Compounds 


Strong oxidizing or reducing agents 
must be absent. Although sulfites in- 
terfere, fairly large amounts of sulfide 
(as much as 200 to 300 p.p.m.) have 
little effect. Metallic ions that react 
with petassium ferricyanide also inter- 
fere. In such cases, it is necessary 
either to employ a prior distillation or 
to substitute ammonium persulfate for 
the ferricyanide. However, the color 
developed with persulfate is slower to 
form and is less stable. Aromatic 
amines form a color under the same 
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conditions and quinone interferes to a 
slight degree. 

The various phenolic compounds re- 
act with 4-aminoantipyrine and potas- 
sium ferricyanide to produce colors of 
varying densities. Phenol, itself, gives 
the greatest density. Table IIT lists the 
relative densities of the colors produced 
by various organic compounds as com- 
pared to phenol. 

Because phenolic compounds other 
than phenol itself produce colors of 
lesser density than does phenol, a mini- 
mum value will always be obtained. 
In others words, in a mixture of phe- 
nols the value obtained will always be 
lower than the actual amount of phe- 
nols present. 

All the compounds listed in Table ITI 
consistent readings within the 
range of pH 8.0 to 10.0, except thymol, 
which has its maximum color density 
at approximately pH 9.7 and decreases 
in density when the pHl is greater or 
approximately 20 per cent less in 
density at pH 8.2). 


vive 


less 


Recommended Procedure 
Transfer 110 ml. of the sample to a 
250-ml. beaker and add 1 ml. of 10 


TABLE III.—Color Densities Obtained with 
Various Organic Compounds 


| 
Density Compared 
to Phenol! (%) 


Compound 


Phenol 

o-cresol 

m-cresol 

p-cresol 

8-hydroxy quinoline 
Thymol 33 


2,4-dinitrophenol No color 
Hydroquinone 3° 
Quinone 4? 


1 Readings taken with 520-mu. filter within 
1 min. after addition of the potassium ferri- 
cyanide. 

? With quinone and hydroquinone a color is 
formed after addition of ammonia and after 
addition of 4-aminoantipyrine. The figures 
given refer only to the color formed after addi- 
tion of the potassium ferricyanide. 
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per cent copper sulfate. Adjust the 
solution to a pH of approximately 4.0 
with phosphoric acid, using a pH meter 
or methyl orange indicator and main- 
taining the volume at less than 115 ml. 
Transfer the solution to a 500-ml. dis- 
tilling flask with ground glass joint and 
connect to a condenser (such as a 
Graham condenser). Collect 100 ml. of 
the distillate in a 100-ml. volumetric 
flask and mix. 

Pipette a suitably sized aliquot of 
the distillate (or of the original solu- 
tion if distillation is not employed) 
into a 250-ml. beaker and add distilled 
water to give a total volume of 75 ml. 
This aliquot should contain less than 
500 micrograms and preferably more 
than 100 micrograms of phenol. Add 
1 drop of dilute (1:1) hydrochloric 
acid and 5 ml. of dilute (1:9) am- 
monium hydroxide. Then, by further 
additions of acid or base, adjust the 
pH to 9.8 (9.6 to 10.0) using a pH 
meter. 

Transfer the solution to a 100-ml. 
volumetric flask, rinsing the beaker a 
few times with distilled water. Dilute 
to 100 ml., mix, add 2.0 ml. of 4-amino- 
antipyrine solution and again mix. Af- 
ter rinsing the photometer absorption 
cell twice with water and once with a 
portion of the solution, add a sufficient 
quantity of the solution to the cell and 
obtain a reference reading on the photo- 
meter. Add 2.0 ml. of potassium ferri- 
cyanide to the remainder of the solution 
and mix. Rinse the absorption cell 
with a portion of the solution, add a 
sufficient quantity of the colored solu- 
tion to the cell, and obtain the total 
reading on the photometer. 

From a calibration curve determine 
the micrograms, y, of phenol equivalent 
to the reference reading and to the 
total reading. Calibration curves are 
prepared by transferring varying 
amounts of the standard phenol solu- 
tion to a beaker and proceeding ex- 
actly as directed in the method. Fig- 
ure 3 shows calibration curves obtained 
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FIGURE 3.—Calibration curves for phenol standards on two types of photometers. 


on the Klett-Summerson and on the 
Kromatrol photometers. 

If a straight-line calibration curve is 
obtained, as is the case when using the 
Klett-Summerson photometer, it is con- 
venient to use a factor. If the ealibra- 
tion curve is not a straight line, a 
conversion table may be prepared from 
the curve. No correction is ordinarily 
made for a blank on the reagents, as the 
blank is so low (1 to 2 units) as to be 
of no significance. 


TABLE IV.—Analyses of Coke Plant Samples 


Phenol (p.p.m.) 
4-Aminoanti- 
Sample pyrine 
Gibbs 
Not Dis-| Dis- 
tilled tilled 
Ammonia still feed! 2,280 2,170 |2,420 
2,430 [2,150 [2,460 
Ammonia still waste 168 58 58 
Ammonia still waste, treated 94 39 37 
29 15 16 
1.6 1.2 
0.22 0.15 
0.26 0.23 
Purification liquor 598 563 
Light oil separator 162 160 - 
Total effluent 0.2 0.2 _ 
River water <0.1 <0.1 <0.05 


1 Duplicate samples. 


Calculations 
Without Distillation 


p.p.m. phenol = (y tot. phenol 
— y phenol equiv. in ref. sol.) 
ml. of sample 
or 


p-p.m. phenol = (tot. reading — ref. 
reading) X factor +-ml. of sample 


With Distillation 


p-p.m. phenol = (y tot. phenol 
— y phenol equiv. in ref. sol.) 
x 0.93 + ml. of sample 
or 


p.p.m. phenol = (tot. reading — ref. 
reading) X factor x 0.93 
--ml. of sample 


Analysis of Miscellaneous Materials 


The analyses of several types of ma- 
terial are listed in Tables IV and V. 
There is fairly good agreement between 
the values obtained by the 4-aminoanti- 
pyrine method and the values obtained 
by Gibbs method. However, when dis- 


tillation is omitted, the aminoantipy- 
rine values are higher on some sam- 
ples, probably due to the presence of 
interfering organic compounds. 
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TABLE V.—Analyses of Miscellaneous Materials 


Phenol (p.p.m.) 


Sample 


Phenol resin waste 

Refinery waste: 

Composite from cracking unit 
Comp. from cracking unit, treated 
Final effluent 

Final effluent, treated | 
Trap waste 

Trap waste, treated 
Formaldehyde resin waste 


Standard solution, 0.10 p.p.m. 


4-Aminoantipyrine 


Gibbs 
Not Distilled Distilled 
24,000 | 16,000 
220 | 249 
0.4 2.5 2.5 
28 | 30 37 
0.5 | 0.2 0.1 
24 26 
10 10 
81 | 77 80 
| 78! 
0.112 


1 Bromine absorption method. 
2 Corrected for a reagent blank. 


Sensitivity 


The sensitivity of this method is ap- 
proximately 0.1 p.p.m. In analyzing a 
standard solution containing 0.1 p.p.m. 
phenol, values obtained were 0.11, 0.11, 
and 0.11 (corrected for reagent blank). 


Summary 


An investigation of the aminoantipy- 
rine-phenol color reaction has shown it 
to be applicable to the determination of 
phenol in coke plant wastes. Brief 
indicate that this method may 
also be used on other types of phenol- 
containing wastes. 

The effects of reagent concentration 


tests 


. §*Standard Methods for the Examination 
of Water and Sewage.’’ 9th Ed., p. 
217. Am. Pub. Health Assn. (1946). 
2. Beshtegoor, A. W., Greene, L. M., and 
Stenger, V. A. Ind. Eng. Chem., Anal. 
Ed., 16, 694 (1944). 

3. Emerson, E. Jour. Org. Chem., 8, 417 
(1943). 

. Ettinger, M. B., and Kroner, R. C. Paper 
presented at Fifth Industrial Waste 
Conf., Purdue University (Nov. 30, 


and pH have been investigated and 
the optimum conditions determined. 

The method can frequently be used 
without the necessity of a preliminary 
distillation, and consequently is very 
rapid. A single determination may be 
made in about 10 min. When interfer- 
ing substances are present and prior 
distillation is required, the time re- 
quired for a single determination is in- 
creased to 45 min. 
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SEDIMENTATION AND FLOCCULATION EQUIPMENT 
FOR TREATMENT OF INDUSTRIAL WASTES * 


By J. H. Bass anp R. R. Evans 


Field Engineer and Engineer, respectively, Infilco, Inc., Tucson, Ariz. 


This paper briefly reviews some ap- 
plications which have been made of floe- 
culation and sedimentation equipment 
and procedures in the treatment of vari- 
ous industrial wastes. Case histories are 
presented of waste treatment in sev- 
eral typical industrial fields in the hope 
that this information will be helpful to 
those faced with similar problems. 
Also, the facts presented may serve as 
a guide to the application of floccula- 
tion and sedimentation equipment in 
waste treatment problems heretofore 
not approached by these methods. 

Many constituents of industrial 
wastes can be removed by chemical pre- 
cipitation under the proper controlled 
conditions. The first step, naturally, 
consists of thorough mixing of the 
treating chemical with the waste. This 
mixing has been accomplished by in- 
troducing the chemical in a pipeline, 
flume, baffled chamber, or similar point 
in the system where tyrbulence is pres- 
ent. More positive control can be 
maintained, regardless of fluctuations 
in the quantity of the waste, through 
the use of mechanical mixing devices. 
Such devices normally have a retention 
time of 0.5 to 5 min. 

After the addition of chemicals, a 
flocculation period of 30 to 60 min. is 
normally allowed. During this period 
the waste is slowly agitated to provide 
contact between the individual pre- 
cipitated particles to allow agglomera- 
tion of these particles into a well-con- 
ditioned floc with suitable settling 
characteristics. A Vorti-Floe (Figure 

* Presented at 25th Annual Meeting, Ohio 


Sewage and Industrial Wastes Treatment Con- 
ference; Columbus, Ohio; June 20-22, 1951. 


1) is used in this service. The impeller 
can normally be varied in speed be- 
tween 5 and 15 r.p.m. The optimum 
speed for flocculation should be de- 
termined in the field. The mixing unit 
can be of essentially the same design 
but with a higher speed, constant speed 
impeller. 

There are a variety of sedimentation 
basin designs, the two basie types being 
scraper flights on a continuous chain 
powered by sprockets on horizontal 
shafts and scraper mechanisms rotated 
by a vertical shaft, as shown in Fig- 
ure 2. 


Trend Toward Integrated Units 


Within recent years there has been 
a definite trend, away from the con- 
struction of these three basic steps as 
individual units, to the integration of 
the mixing, flocculation, and clarifica- 
tion steps in a single compact unit. 
This trend has been largely dictated 
by the improvements made in this 
‘‘high-rate’’ type of unit, the superior 
results that can be obtained, the re- 
duced installed cost of such units, and 
the savings afforded in the space re- 
quirement. 

The ‘‘high-rate’’ units can again be 
divided into two basic elassifications. 
One consists of the so-called ‘‘sludge 
blanket’’ unit, in which the chemicals 
are mixed in a central compartment 
from whence they pass downward and 
percolate upward through a suspension 
of precipitated solids, or sludge blan- 
ket. The second type of unit utilizes 
mixing in a primary zone, transfer of 
this mixture of incoming wastes, 
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/-MOTOR REDUCER 
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g 
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PLUG VALVE 


FIGURE 1.—Vorti-Floc unit for flocculation of chemically treated wastes. 


chemicals, and previously formed pre- 
cipitates upward by means of a low- 
lift impeller to a secondary flocculation 
zone, discharge from this zone as a 
downwardly moving slurry in such a 
manner that the elarified liquor is 
‘squeezed out’’ of the moving slurry 
while the slurry is returned to the pri- 
mary mixing zone to serve as nuclei for 
the precipitation of new solids. Such 
units can be provided with concen- 
trator areas for removal of the solids 
formed at a rate necessary to maintain 
a solids equilibrium in the unit, or, if 
the solids are quite voluminous, it is 
preferable to provide solids removal by 
means of bottom-scraping mechanisms. 
The detention time of such units will 
vary with the particular waste involved, 


but will normally range between a 
minimum of 1 hr. and a maximum of 
4hr. It should be noted that this time 
includes mixing, flocculation, and clari- 
fication. The retention time is, there- 
fore, appreciably less than in a system 
involving individual units where 5 min. 
may be utilized for mixing, 30 min. for 
flocculation, and a minimum of 2 hr. to 
a maximum of 6 hr. for sedimentation. 

Figure 3 illustrates the flow pattern 
in the Accelator. This is the unit utiliz- 
ing slurry recirculation, which is ap- 
plicable when relatively low sludge vol- 
umes are involved and when the sludge 
compacts readily. The solids in this 
case are removed in the concentrator 
areas shown. Figure 4 is a schematic 
drawing of the Cyclator mechanism, 


MOTORIZED REDUCER 


TORQUE LIMIT SAFETY DEVICE (SHEAR-PIN COUPLING) 


ANTI-FRICTION BEARINGS 


4 
+ 
LIGHT WEIGHT STEEL 


A INFLUENT 


SCRAPER BLADE. 
SUPPORTING \ 
STRUCTURE 


EFFLUENT 


INFLUENT WELL 
STEEL TUBING 


SPIRAL SCAPER 


2° GROUT SwEPT in ~ 
BY MECHANISM 


FIGURE 2.—Typical sedimentation basin with rotating scraper mechanism. 
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CHEMICAL 


CLARIFIED WATER 


CLEAR WATER 
ESCAPE SURFACE 


aaron: 


SLOW-OFF AND ORAIN SLURRY POOL INDICATED BY SHADED AREAS 


FIGURE 3.—Flow pattern in Accelator unit. 


which again involves slurry recircula- 
tion. In this case, however, the solids 
are removed by the bottom-scraping 
mechanism ; therefore, this unit is more 
applicable for wastes which will pro- 
duce voluminous sludges requiring ad- 
ditional thickening prior to discharge. 
In either of these units the recireula- 
tion can be maintained. by means of a 
gas lift, making them very applicable in 
cases where the introduction of air or 
CO, is beneficial, such as the precipita- 
tion of lime from tanning wastes as 
CaCO, by the addition of CO,. 

The equipment involved for floccu- 
lation and clarification of industrial 
wastes will not vary to any great ex- 
tent from that utilized in the treatment 


of water for normal industrial uses, 
with the possible exception of the use 
of special modifications, as outlined pre- 
viously, for handling some of the vol- 
uminous sludges produced. However, 
in many cases special treatment must be 
provided prior to the flocculation and 
clarification unit, such as the reduction 
of chrome wastes and oxidation of 
cyanides. 


Floc Formation Important 


No clarification unit will do an ef- 
fective job unless a well-formed floc 
particle of suitable density can be ob- 
tained. Because of this, a thorough 
study is usually required to determine 
exactly what conditions will produce 


FIGURE 4.—Flow pattern of Cyclator unit. 
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TABLE I.— Oil Removal from Refinery Waste 


by Softener Sludge 


Effluent 
Oil Oil-Free 
Content Solids 
(p.p.m.) (p.p.m.) 


Oil Oil-Free 
Content Solids 
(p.p.m.) p.p.in.) 

186 | 141 5 2 
390 425 20 
150 j } 36 

155 4 20 

204 24 

88 38 

142 | 55 

17 10 

133 5 35 

208 j 41 


the ultimate floc formation and what, 
if any, coagulating materials are most 
suitable. Alum or alum and activated 
silica are frequently effective, and fer- 
rous or ferric salts are frequently in- 
dicated. In most cases, the dosages in- 
volved may be much higher than those 
normally encountered in industrial wa- 
ter treatment. Lime alone is effective 
in many eases, due to the precipitation 
of metallic saits or of calcium salts of 
organic materials present. Magnesium 
compounds, such as epsom salts, are 
particularly effective if the waste has 
a high pH. In eases where an ad- 
sorbent is helpful, calcium carbonate, 
either in the form of water-softening 
sludge or as ground limestone, is effee- 
tive. Such a material is particularly 
effective for oil absorption or for the 
removal of colloidal organic materials. 
This treatment is particularly applic- 
able when water-softening sludges are 
available, because of the savings which 
can be afforded when a majority of the 
solids required to obtain the necessary 
solids-oil ratio are furnished in this 
way. Kalinske (1) reported excellent 
removal of oil in a refinery waste 
utilizing softener sludge alone, as in- 
dicated in Table I, which shows the 
negligible effect of shock loads. Should 
a greater degree of clarity be required, 
a few grains per gallon of coagulant 
will polish the effluent. 
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The following case histories of indus- 
trial waste problems and their solutions 
illustrate methods which have been 
utilized, as well as results which have 
been obtained. 


Asbestos Paper Wastes 


White waters discharged from paper 
mills can be effectively clarified by 
flocculation and separation of the fibers, 
with the addition of suitable coagul- 
lants, affording suspended solids reduc- 
tions in excess of 95 per cent. Treat- 
ment of white water has the added 
benefit that the costs are compensated 
for to a great extent, if not completely, 
by the value of the recovered fibers 
and the reduction in the plant make-up 
water requirement by recirculation of 
the clarified effluent in the plant sys- 
tem. 

Extensive pilot plant tests were con- 
ducted in late 1949 on the flocculation 
and clarification of asbestos board and 
asbestos paper white water wastes at 
the Norristown Magnesia and Asbestos 
Co. plant at Norristown, Pa. After the 
evaluation of several methods of treat- 
ment to reduce the suspended solids and 
B.O.D. in the white water formerly dis- 
charged to the stream, flocculation and 
clarification under proper conditions 
proved to be the answer. For this 
phase of the investigation, a model Ac- 
celator 5 ft. in dia. with a 2.5-ft. side- 
water depth and having a total volume 
of 360 gal. was used. 

The various types of fibers encoun- 
tered in this plant can be roughly 
classified by the chemical treatment to 
which they respond best, as follows: 


1. The 8- to 16-Ib. paper and heavier 
mill board products, containing long- 
fibered agglomerate under 
sufficient gentle agitation and recireu- 
lation without the use of chemicals. 

2. The 5- to 6-lb. papers and those 
used in the manufacture of insulation 
products, because they are made of 
short-fibered stock and scrap material 
and tend to be high in tale, require 


asbestos, 
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TABLE II.—Pilot Plant Results on Asbestos Paper Wastes 


Susp. Solids Turbidity 
Type of Paper Chemicals Used 
Raw Effi. | Red.| Raw Eff. | Red. 
(p.p.m.)} (p.p.m.)} (%) | (p-p.m.)| (p.p.m.)| (%) 
12-lb. 1,600 22 | 98.6} 390 30 | 92.4) None 
8-lb. and }-in. carbon black | 1,088 22 | 98.1) 340 25 | 92.7; None 
54- to 8-lb. 2,132 | 102 | 95.3] 650 90 | 86.2) 4 gr. per gal. alum 
10- to 12-Ib.2 2,300; 41 | 98.3) 600 40 | 93.4) 4 gr. per gal. alum 
> 10 gr. per gal. alum 
to 8-lb.! 2,108 18 | 99.1) 750 15 15 p.p.m. silica 


' Manufacturing grade. 
? Commercial grade. 


the addition of alum or alum and acti- 
vated silica. 

3. Special products having additives 
of carbon black or silica powders re- 
quire some alum dosage. 

4. Wool felt products require alum 
in proportion to the quantity of short- 
fibered asbestos stock or scrap added 
to the stock. 


This particular waste problem is of 
particular interest because, in addition 
to having the results of the pilot plant 
tests (Table Il), some information is 
available on the operation of the 45-ft. 
diameter Cyclator, having a capacity 
of 1,250 g.p.m., installed as a result of 
these tests. The treatment, when the 
unit was operating at 800 to 1,200 
g.p.m., resulted in the same high de- 
gree of clarification (Table III) in full- 
scale operation as obtained in the pilot 
plant studies. 


The underflow from the Cyelator is 
being re-used as stock in the mill and 
the percentage of solids by weight is 
controlled between 1.5 and 2.5 per cent 
to conform with the stock concentra- 
tions carried in the plant. Test runs 
show that solids concentrations as high 
as 6 per cent can be maintained in the 
underflow if desired. On an average, 
the suspended solids load discharged to 
the stream is being reduced by 10,000 
to 12,000 lb. per day. The unit has 
proven to be quite capable of taking 
appreciable shock loads without upset. 
These shocks are introduced when 
beaters are dumped without warning; 
at such times the suspended solids in 
the influent to the unit may be in- 
creased by 200 to 300 per cent. 


Cannery Wastes 


The treatment of cannery wastes has 
been the object of extensive study by 


TABLE III.—Cyclator Operation Results on Asbestos Paper Wastes 


Susp. Solids 


Turbidity 


Type of Paper 
Raw Eff. 
(p.p.m.)| (p.p.m.) 


6-lb. crirap and 10-lb. roofing 1,020.) 6 
10-lb. roofing and j#g-in. millboard | 514 | 28.5 


10-lb. roofing and 9}-lb. wax 1,240 | 36.5 


Chemicals Used 
d.| Raw Eff. | Red. 
(%) | (p.p.m.)} (p.p.m.)} (%) 


99.5) 600 8 


10 gr. per gal. alum 
98.6 " p-p.m. act. silica 
7 gr. per gal. alum 
94.5) 250 18 | 92.8 \10 p.p.m. act. silica 
7 gr. per gal. alum 


97. 
7.2! 600 40 | 93.4 \10 p.p.m. act. silica 
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a number of persons and agencies. An 
Accelator is being utilized by the Searle 
Co. of Hollywood, Fla., for primary 
chemical treatment of blanching waters 
and rinse water from the processing of 
ereen, navy, pea, lima, and red kidney 
beans. In this instance, the wastes are 
first passed through a rotary screen for 
removal of the coarser solids. In gen- 
eral, these solids are light, they do not 
settle well, and if allowed to enter the 
later stages of treatment they would 
float and scum. In fact, the 
plant operator now reports that the 
efficiency of the treatment plant is 
definitely affected by the efficiency of 
the screening operation. After screen- 
ing, the wastes are introduced to the 
Accelator along with alum and lime. 
Over a period of two months of opera- 
tion the alum requirement has ranged 


form a 


between 8 and 12 grains per gallon, 
with sufficient lime being added to 
maintain the pH in a range of 6.9 to 
7.2. The lime requirement averages 8 
to 10 grains per gallon. Coagulation 
has been good and the effluent from the 
unit has been clear. No quantitative 
data are available on the suspended 
solids in the effluent, except those ob- 
tained in an Imhoff cone, which indi- 
cate that the suspended are 
consistently below 0.01 per cent by vol- 
ume, 

The B.O.D. reduction over one month 
of operation on green bean wastes shows 


solids 


an average of 54 per cent and a median, 
also, of 54 per cent. The B.O.D. in the 


raw wastes during this period averaged 


398 p.p.m. It is interesting to note 
that this figure is appreciably in ex- 
cess of the 5-day B.O.D. figures (200 
p.p.m.) given in most literature. One 
would expect that this discrepancy is 
due to the more modern or modified 
canning practices utilized. B.O.D.’s in 
the raw wastes as high as 2,300 to 2,500 
p.p.m. are encountered when processing 
dry kidney beans, and values of 1,700 
to 1,900 p.p.m. when dry navy beans 
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are being canned. The wastes dumped 
from the blancher will have a B.O.D. 
content as high as 9,000 to 10,000 
p.p.m. when processing dry beans, but, 
of course, the rinse waters provide a 
dilution factor and it is evident that 
an equalization tank, provided with a 
small amount of aeration to prevent 
septicity, would be desirable in most 
instances. Extensive data are not avail- 
able on the B.O.D. reduction obtained 
with these higher strength wastes, but 
a spot check during navy bean proces- 
sing gave a B.O.D. reduction of 55 per 
when the influent B.O.D. was 
2.780 p.p.m. 

The temperature of the influent 
waste ranges from 85° to 95°F. and 
the fact that 90 per cent of the time 
there is no odor in the Acecelator efflu- 
ent, while during the balance of the 
time there may be a very slight odor, 
attests to the work being done by the 
unit. Here is an instanee where it 
would be advantageous to feed water- 
softening sludge or ground CaCO, as 
an adsorbent. 


Oil Wastes 


Waste waters containing oil can be 
divided into two rough elassifications: 
a) wastes containing mainly free oils, 
such as are encountered in oil refiner- 
ies, With perhaps some oil present in 
an emulsified form; and b) true sol- 
uble oils, such as the cutting oils and 
coolants used in metal finishing proc- 


esses, 


cent 


The refinery waste problem will usu- 
ally involve than oil removal 
Accelator pilot plant studies 
have been underway for more than a 
year at a midwestern refinery to de- 
termine the best methods to obtain 
maximum suspended solids, B.O.D., 
chemical oxygen consumed, odor, and 
These wastes have first 
passed through gravity separators of 
A.P.I. design, which remove a major 
portion of the free oil and two of the 


more 
alone. 


oil reductions. 
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resulting discharges have the follow- 
ing average characteristics : 


forded by this type of unit as com- 
pared to a conventional unit. 


Oxygen 
. Turbidit: Susp. Sol. il B.O.D. Od 
Discharge (p.p.m.) (p.p.m.) (no.) 
A 525 60 100 1,170 280 36,000 
B 220 40 155 130 90 185,000 


Table IV, for the period Oct. 10 to 
Novy. 9, 1950, is a tabulation of the 
tests, per cent reductions obtained, 
and conclusions when treating dis- 
charge A. The results are averages of 
samples taken continuously by an auto- 
matie sampler. 

Table V, for the period Jan. 17 to 
Apr. 3, 1951, gives comparable in- 
formation on the treatment of dis- 
charge B. Perhaps one of the most 
interesting facts indicated by the data 
is the very high efficiency for odor re- 
moval. It was expected that good odor 
removal would be obtained when the 
tests were planned, but no one was op- 
timistic enough to predict 90 to 95 per 
cent removal. Slurry recirculation, 
prolonged contact between the floe par- 
ticles and the liquor, and high slurry 
concentrations are undoubtedly pre- 
requisites for such removals. 

Not only are the results obtained by 
Accelator operation on such wastes ex- 
cellent, but there is the additional ad- 
vantage in reduced installed cost af- 


Kominek (2) has reported pilot 
plant studies at a large eastern re- 
finery, in which a conventional plant 
with mixing, flocculating, and sedimen- 
tation basins was operated in parallel 
with an Accelator. A comparison was 
made of the operating results using 
alum as the coagulant and also alum 
with activated silica as a coagulant 
aid. Figure 5 indicates the compara- 
tive oil, solids, and B.O.D. reductions 
versus rise rate. It should be noted 
that activated silica and alum _ in- 
creased the permissible rise rate in 
either the Accelator or the conven- 
tional plant. At a rise rate of 0.2 
g.p.m. per square foot, about 86 per 
cent oil removal was obtained in the 
conventional plant when alum was 
used, and about 95 per cent when alum 
and activated silica were used. In the 
Accelator, 90 per cent oil removal was 
obtained when alum was the coagulant 
at a rise rate of 0.4 g.p.m. per square 
foot, and 95 per cent oil removal at a 
rise rate of 0.8 g.p.m. per square foot 


TABLE IV.—Results of Accelerator Pilot Plant Operation on Oil Refinery Waste 


(Oct. 10 to Nov. 9, 1950) 


Av. Red. in Contamination Char. (%) 


Aik. | Water Oi 


Act. 4 On Susp. 
Alum| Silica] Agent No. |Cont.| B-O-D.|¢ Turb.| "gol. 


Remarks 


‘ons. 


1 | 350 | 20| Oto 550: 


100 82 83 70 
2% | 350 | 20 | 170 to 5004) O0tol75| 75 84 73 


10 155 
350 (38 0 73 | 91 | 72 


60 | 95 | 62 | Floc. at pH 8 to 11 satisfactory. 
58 95 74 | Lime best pH control chem.; soft- 
ener sludge unnecessary. 

74 95 88 Lower dosages satisfactory. 


' To determine effect of varying pH between 8 and 11. 
Caustic. 
3 To determine suitability of alkaline agents. 
* Dolomitic lime. 
5 To determine satisfactory chemical dosages. 
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when alum and activated silica were 
used. In general, with alum as a co- 
agulant, approximately the same per- 
centage reductions were obtained in a 
conventional plant operated at a rise 
rate of 0.1 g.p.m. per square foot as in 
the Accelator operated at 0.4 g.p.m. per 
square foot. When alum and activated 
silica were used, approximately equal 
results were obtained in the conven- 
tional plant operated at 0.2 g.p.m. per 
square foot as in the Accelator oper- 
ated at 0.8 g.p.m. per square foot. 
With high construction costs it is diffi- 
cult to overlook factors which will al- 
low such an appreciable increase in 
the operating rise rate and, therefore, 
materially reduce the basin require- 
nents. 

Soluble oil wastes from machining 
operations will, in general, involve 
higher oil concentrations than those en- 
countered in the effluent of A.P.I. sep- 
arators in refineries. As an indication, 
the oil content of the wastes introduced 
to the treatment plant at the New De- 
parture Division of General Motors at 
Sandusky, Ohio, has varied between 
1,000 and 110,000 p.p.m., according to 
Unwin(3). These high oil contents are 
particularly apt to occur when the 
plant is equipped with a central cool- 
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ant system, portions of which must be 
dumped in emergencies or as required 
for maintenance. The authors have 
not encountered, as yet, in soluble oil 
waste treatment, a case where the origi- 
nal estimate of maximum oil concen- 
tration has not been exceeded. For 
this reason it appears only logical to 
approach these problems, in the major- 
ity two-stage treatment. 
The first stage consists of thorough 
mixing of the waste with a suitable 
electrolyte (such as ferric sulfate) in 
a rapid mixing unit, followed by grav- 
ity separation and skimming of the oil 
broken from emulsion in a conven- 
tional clarifier. Reduction of the pH 
to an average of 5.0 to 6.0 in the pri- 
mary unit will frequently be sufficient 
to break the emulsions. The break is 
not entirely clean, however, and sub- 
sequent precipitation of the hydroxide 
of the coagulant in a ‘‘high-rate’’ unit 
by the addition of lime is required so 
that essentially all of the remaining 
oil will be adsorbed on the floe par- 
ticles. 

Removal in the primary clarifier of 
all but 200 to 300 p.p.m. of the oil ap- 
preciably reduces the work that must 
be done by the final unit. The control 
of the final unit is therefore greatly 


of cases, by 


TABLE V.—Results of Accelerator Pilot Plant Operation on Oil Refinery Waste 
(Jan. 17 to -" 3, 1951) 


Dosages (p.p.m.) 


Av. Red. in Contamination Char. 


| 
} 


Act. | 
Sil. 


Water 
Soft | 
Sludge | 


Alk. 
Agent 


Oil 
Cont 


odor 
No. 


B.O.D. 


FeSO, 
97 

99 
96 
96 
99 


63 
63 
54 
38 
58 


455? 
| 4052 
495° 
415° 


$93? ¢ 
| 
| 
| 


| Remarks 
Ice Turb. 
8&6 
88 
82 
82 


of 


‘Re alta ont. 
Results excellent. 
| Results good. 


ao 
oo 


| 
| 
| 


Hither lime satisfactory. 
Results excellent; less scum 
formed. 


Gr 


1 To determine suitability of ferrous sulfate as coagulant. 


2 Dolomitic lime. 


3 To determine effect of reduced activated silica dosage. 
4'To determine effect of reduced FeSO, and silica dosage. 


5 Evaluation of high-calcium lime. 
6 High-calcium lime. 


7 To determine value of water softener sludge. 
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FIGURE 5.—Results of pilot plant studies with conventional and Accelator type units in 
parallel using alum and alum and activated silica as coagulants. 


simplified, increasing the assurance 
that a highly satisfactory effluent will 
result at all times, when the variations 
in the raw waste oil content are ironed 
out by a first stage. <A_ relatively 
small amount of electrolyte is required 
to break the emulsion satisfactorily for 
gravity separation in the first stage, 
whereas considerably more coagulant 
would be required to maintain the 
proper oil-solids ratio in a single-stage 
installation. A two-stage plant as de- 
scribed above can produce an effluent 
containing, on the average, less than 
15 p.p.m. of oil. Under proper control 


such an effluent can be maintained, re- 
gardless of fluctuations in the oil con- 
tent of the raw waste, whereas a single- 
stage operation would produce this 


high quality of effluent only under 
very critical control, if at all. Per- 
haps it is surprising, but the two-stage 
plant is not appreciably higher in cost 
as compared to a single unit, as a 
higher rise rate can be tolerated in the 
final unit. 
Summary 

This paper has touched only briefly 
on the application of flocculation and 
clarification equipment in industrial 
waste treatment. Among other prob- 
lems presently being resolved by this 
type of treatment are plating wastes, 
pickle acid rinse waters, waters con- 
taining flue dust, oil field brines, ete. 
There is little question but that floceu- 
lation and clarification equipment has 
a place in a large number of waste 
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problem ‘solutions, keeping in mind, of Acknowledgment 
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TREATMENT OF BOARD MILL WASTE AT RIVER 


RAISIN PAPER COMPANY, MONROE, MICH. * 
By M. F. Knack 


Chemist, River Raisin Paper Company, Monroe, Mich. 


The River Raisin Paper Company op- 
erates three paperboard machines pro- 
ducing approximately 350 tons per day 
at its Monroe, Mich., plant, in addition 
to a strawboard machine producing ap- 
proximately 55 tons per day. Methods 
for reducing the volume of waste and 
for treating this volume have been un- 
der study for a number of years and 
it is with the result of these studies 
that this report concerns itself. After 
investigation of various methods of the 
re-use of white water in the mills it 
was decided to proceed with a complete 
system, including a sedimentation unit 
of sufficient capacity to handle the 
wastes from two of the paperboard ma- 
chines. The machines chosen were the 
two largest from the standpoint of both 
tonnage and width. The procedure fol- 
lowed in effecting this program was: 
(1) elimination of all roof water and 
clear waste water from the mill sewers; 
(2) arrangement to re-use machine wa- 
ter wherever practical; and (3) pro- 
vision for ultimate disposal of the mill 
wastes in a sedimentation unit of suit- 
able capacity and design. 

The elimination of all roof water and 
clear wastes in the case of this mill in- 
volved a considerable amount of work 
and expense. A study of the problem 
disclosed that about one-third of the 
roof surface of the rather large build- 
ings housing the board machines and 
box shops emptied into the mill sewers. 
It was also necessary to provide a di- 
verting sewer to separate the boiler 
room wastes from the mill wastes. Af- 

* Presented at 1951 Annual Meeting, 


Michigan Sewage and Industrial Wastes 
Assn.; Grand Rapids, Mich.; June 4-6, 1951. 


ter this was done the board machine 
wastes were all collected by the existing 
mill sewer system to a central sump, 
where they could be pumped to the 
ultimate disposal unit. 


Re-Use of White Water 


It was demonstrated to the satisfac- 
tion of the mill operating personnel 
that it is practical, by the use of suit- 
able shower pipes, to keep the forming 
molds on a e¢ylinder board machine 
clean with white water. The water is 
collected in a flume system under the 
machine and discharged into a sump, 
from which it is pumped directly back 
to the cylinder mold shower pipes. The 
shower pipes selected were of the fan 
spray nozzle type with a special clean- 
ing device and were furnished by the 
Emerson Mfg. Co. The nozzles are 
spaced 314 in. apart and are of 0.156- 
in. diameter. A pump was provided 
that would produce 55-lb. pressure at 
the shower pipe inlet. A second set of 
pumps was provided to pump the white 
water through a high-velocity heater 
for use in the beaters and pulpers, 
which prepare the fiber furnish for the 
paper machines. The heater used to 
heat this water was selected with easy 
cleaning in mind. The tubes are straight 
and doors on both ends can be opened 
so that the tubes can be cleaned by 
shooting through rubber plugs with air 
pressure. 

Fresh water is used on the board ma- 
chines wherever clear water is required 
(such as for washing felts, for foam 
showers, and in pump glands). The 
largest volume of fresh water used on 
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the machine is used in washing the 
felts. The shower pipes used on the 
felts are also fan spray nozzle types 
with the nozzles spaced 31% in. apart. 
The nozzles on these showers are of 
0.125-in. diameter and the shower head 
pressure is 65 lb. per sq. in. Two 
showers are provided for both the top 
and bottom felts. In addition, there 
are two wetting showers on the felts 
with 0.093-in. nozzles spaced 4 in. apart. 
These showers are not operated at full 
pressure, but are turned on just enough 
to keep the felt wet ahead of the felt 
rolls. The felt shower water on each 
machine totals approximately 650 
g.p.m. and this water is allowed to run 
into the collecting sump under the ma- 
chine to provide sufficient fresh-water 
make-up for the system, so that heavy 
momentary demands do not empty the 
machine sumps. 


Clarifier System 


The unit chosen for clarification of 
the final mill effluent is an Infileo Cy- 
clator with a rated capacity of 2,100 
g.p.m. This unit allows approximately 
100-min. retention at full capacity. 
Alum and activated silicate are the co- 
agulants used. A measuring weir on 
the discharge from the unit regulates 
the chemical feed in proportion to the 
flow. The chemicals are added in the 
center section of the unit, where the 
waste water is introduced. This center 
section is so arranged that the waste 
water is recirculated in concentric tanks 
after the coagulants are added to aid 


TABLE I. 


5-day B.O.D. (p.p.m.) 

Susp. solids (p.p.m.) 
Susp. vol. sol. (p.p.m.) 
pH 


Pumping rate (m.g.d.) 
Population equiv. 

Fresh water used (gal./ton) 
Production (tons/day) 


3.0 
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flocculation. The rate of recirculation 
may be varied. After the mixing treat- 
ment the waste enters the quiescent 
zone in the tank, where settling takes 
place. The settled sludge is drawn by 
rakes to a concentrating well at the 
center of the tank, from which it is 
drawn off by a time-operated dia- 
phragm valve and returned to the mill 
for re-use. The clarified effluent is dis- 
charged to the stream. 


Operating Efficiency 


3efore installation of this system 
these two board machines, operating in 
pretty much an open system, discharged 
approximately 5,000 g.p.m. to the 
stream carrying an average of about 
3.0 lb. per 1,000 gal. of suspended sol- 
ids. At present the discharge from the 
Cyclator unit averages 1,600 g.p.m. 
Table I shows the suspended solids and 
B.O.D. removal in the unit, as based on 
an average of three tests conducted in 
1948 by the Michigan Stream Control 
Commission. 

Table I indicates a reduction in 5-day 
3.0.D. in the Cyclator unit of approxi- 
mately 58 per cent. The suspended 
solids reduction is about 92 per cent. 
It should be noted that the suspended 
solids in the effluent from the settling 
unit are only 5 p.p.m. greater than the 
mill raw-water supply. The volatile 
solids, which are about 70 per cent of 
the total, are assumed to be fibrous and 
represent the valuable portion of the 


sludge. 


perating Data for White Water Treatment Unit 
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Operating Experience 

Original tests on the wastes from 
these board machines indicated that a 
treatment with 6 to 8 grains of alum 
and 10 p.p.m. of activated silicate 
would give satisfactory clarification. 
The samples on which these conclusions 
were based were taken before complete 
closing up of the mill system by re- 
circulating the water. Actual operat- 
ing experience has indicated that an 
average alum requirement is from 10 to 
12 grains per gallon. The alum re- 
quirement is, of course, influenced by the 
waste paper furnish used in the mill. 
At times chemical bags containing all 
varieties of chemicals are used; after 
recirculation, a buffered waste develops 
that takes heavy alum treatment to co- 
agulate. The use of activated silicate 
seems to produce clearer, quicker set- 
tling wastes and experience seems to 
indicate that the difference is much 
more pronounced during winter opera- 
tion than in the summer. Winter op- 
erating temperature in the Cyclator 
is about 70° F., whereas summer oper- 
ating temperature is about 105°F. 


Problems from Re-Use of Sludge 

As indicated by the surveys made by 
the Michigan Stream Control Commis- 
sion, the sludge from the Cyclator is 
approximately 70 per cent volatile. 
This volatile matter is assumed to be, 
for the most part, fiber. The balance 
is dirt and precipitated chemical or 
insoluble filler. The sludge is returned 
continuously to the papermaking proc- 
ess. Experience to date has not proven 
that the return of this material is detri- 
mental. An attempt is made to divide 
the sludge between two waste paper 
pulping units that handle an excess of 
150 tons per day and it is felt that the 
relatively small tonnage of sludge will 
not usually have adverse effects on the 
paper machines. 

No provision was made for withdraw- 
ing sludge from the unit when the pa- 
per machines were not operating. Ex- 
perience has shown that the sludge may 
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be held in the clarification tank during 
normal shutdown periods and drawn 
off in the normal manner after the ma- 
chines have been started. During a 
3-day shutdown period over a week- 
end, the sludge retained in the tank 
became septic. By the end of the third 
day the entire tank was black and 
gassy. Operation was resumed without 
draining and cleaning the tank and 
within 4 hr. clear effluent was obtained. 
The tank did not become septie on the 
next week-end shutdown. It was neces- 
sary to drain and clean the tank four 
weeks later because of a septie con- 
dition, but it was felt by the operators 
that this was caused by faulty sludge 
removal. The sludge ports were parti- 
ally clogged by sticks and rags and 
proper removal of sludge had been diffi- 
cult for more than a week. Experi- 
ence seems to indicate that under nor- 
mal operating conditions it is necessary 
to drain and clean the tank not more 
than twice a year. 


Economics 


It is rather difficult to analyze the 
economics of this sort of installation 
because the value of the recovered fiber 
is debatable. The volatile portion of 
the sludge probably should be evalu- 
ated at the price of the cheapest raw 
material used in the process which, in 
the case of this mill, is mixed waste 
paper. The problem is further compli- 
cated by the fluctuation in the price of 
these raw materials and the relatively 
stable cost of the chemicals used for 
treatment. The following is a rough 
cost tabulation: 


Alum (11 gr. av. feed based on 


1,600-g.p.m. av. flow) $ 67.50 
Activated silicate, 10 p.p.m. 8.35 
Power for pumps, at $90/hp./yr. 18.00 
Labor and maintenance 20.15 
Interest on investment 8.35 
Total cost $122.35 
Recovery (11,000 lb./day @ $20/ton) $110.00 


The above analysis does not indicate 
that the clarification unit is self-sup- 
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porting, but the over-all picture, which 
includes the saving made by recircula- 
tion of white water in the mill, is more 
encouraging and probably will show 
that the whole project is at least self- 
supporting. 
Conclusion 

On the basis of experience in this 
mill it has been demonstrated that the 
re-use of white water to reduce the total 
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volume of mill effluent is practical. A 
high-rate sedimentation unit has been 
adapted to the treatment of the final 
mill effluent and seems to be giving 
very satisfactory results. The econom- 
ics of the system do not present such 
an attractive picture if the final sedi- 
mentation unit is made to stand alone, 
but are not too discouraging if the 
economies effected by recirculation of 
water in the mill are considered. 


SMOKE ABATEMENT BOOKLET 


Under the title ‘‘ Application of Overfire Jets to Prevent Smoke 


from Stationary Plants,’’ 


situminous Coal 


Research, Ine., has 


published the first of a new series of coal research publications to be 
known as ‘‘BCR Aids to Industry.’’ The present booklet carries 
the identification number 509-300 and is a revision of ‘‘Technical 
Report 7,’’ which has become a standard for the design, construc- 
tion, and application of overfire jets to abate smoke from stationary 
plants. 

The engineering information in the current revision is substan- 
tially the same as that of ‘‘Technical Report 7,’’ rearranged to 
make the information as easily used as possible. Design data and 
sample calculations, together with illustrative diagrams, are given 
for blower jets, steam-air jets, and plain steam jets. Also included 
is a short but information-packed section on control and eare of 
jets and a design summary for each of the various types discussed. 

The booklet is available from Bituminous Coal Research, Ince., 
2609 First National Bank Building, Pittsburgh 22, Pa., at $0.50 
per copy. 
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ACTIVATED SLUDGE TREATMENT OF MILK 
WASTES * 


By M. THayer 


District Manager, Chicago Pump Co., Milwaukee, Wis. 


This paper is in the nature of an 
interim report on the general subject 
of treating milk waste by the activated 
sludge process. It has only been in 
the last few years that this method has 
generally been accepted as being feas- 
ible. However, experience with this 
method of treating milk waste goes back 
a good many years. 

An activated sludge plant was built 
in 1935 to treat the waste from the 
dairy at New Bremen, Ohio. In 1939 a 
report on the operation of this plant, 
made to the 138th Ohio Conference on 
Sewage Treatment by E. F. Hatch and 
J. H. Bass of the Ohio State Board of 
Health, disclosed that the B.O.D. re- 
moval was 98.9 per cent. The plant 
has been in successful operation ever 
since, 

About 1945 the plant for treating 
the waste from the Belle Center Cream- 
ery at Belle Center, Ohio, was changed 
from an experimental high-rate filter 
plant to an activated sludge plant. Op- 
erating data and experience records 
from this plant have been presented 
to this association on at least two oc- 
easions. This plant consistently reduces 
the B.O.D. from 97 to 99 per cent. 

In 1950 two new activated sludge 
plants treating milk waste were put 
into operation. The first one was at the 
Schell Creamery near Germantown, 
Ohio, and the other at the Blossom Hill 
Dairy, Dayton, Ohio. Both of these 
plants have given a B.O.D. reduction of 
around 97 to 98 per cent. Another 
activated sludge plant was recently 

* Presented at 25th Annual Meeting, Ohio 


Sewage and Industrial Wastes Treatment Con- 
ference; Columbus, Ohio; June 20-22, 1951. 


placed in operation at the Cherry 
Grove Dairy in Toledo, Ohio. 


New Bremen Plant 


The New Bremen plant was of the 
conventional type, with a mixing tank 
for feeding lime slurry (detention 
time, 2 hr.), a primary settling tank 
(detention time, 4 hr.), an aeration 
tank (detention time, 41 hr.), and a 
final settling tank having a detention 
time of 4 hr. The total blower ea- 
pacity was 263 ¢f.m. Excess sludge 
is withdrawn from the final settling 
tank to a disposal field occasionally, 
but, in the main, the settled activated 
sludge is all returned to the aeration 
tank. 


Belle Center Plant 


The Belle Center Creamery plant 
consists of an aerated sump of 12,500- 
gal. capacity ; two aeration tanks total- 
ling 23,760-gal. capacity ; two clarifiers 
totalling 23,950-gal. capacity; a di- 
gester of 11,450-gal. capacity ; and three 
blowers with a total capacity of 750 
e.f.m. The average daily flow of milk 
waste, as given by Eldridge (1), was 
30,353 g.p.d., and the B.O.D. reduction 
from a raw of 936 p.p.m. to a final 
effluent of 11 p.p.m. 

In the operation of this plant the raw 
waste flows to the aerated sump; from 
the sump it is pumped through con- 
trolling orifices to the two aeration 
tanks, the excess pumpage being spilled 
back to the sump. Excess sludge is 
wasted to a sludge concentration tank, 
the concentrated sludge going to the 
digester and the lighter sludge going 
back to the sump; supernatant from 
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the digester also flows to the sump. 
During the first few years of operation 
no sludge has been drawn from the 
digester. Activated sludge from the 
two clarifiers is returned to the aera- 
tors at a rate of 600 to 700 per cent 
of the raw sewage flow. 


Schell Dairy Plant 


The plant at the Schell Dairy con- 
sists of two aeration tanks in series 
having a capacity of 6,200 gal., and one 
settling tank having a capacity of 450 
gal. The single blower has a capacity 
of 85 ¢.f.m. Provision is made to re- 
strict the flow from the aeration tank 
to the settling tank so as to reduce the 
surge of fluctuating flow through the 
settling tank. All sludge is returned 
to the influent end of the aeration tank 
by means of an air lift. The average 
daily rate of raw sewage flow is 4,400 
gal. and the rate of return activated 
sludge is from 500 to 700 per cent of 
this figure. 


Blossom Hill Dairy Plant 


The Blossom Hill plant consists of 
an aerated holding tank having a ¢ca- 
pacity of 3,420 gal.; two aeration 
tanks in series having a capacity of 
12,300 gal.; a final settling tank having 
a capacity of 970 gal.; and a 100-c.f.m. 
blower. All sewage flows into the 
aerated holding tank (Figure 1) and 
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is pumped from there through a divi- 
sion box, which discharges over a 90° 
V-notch weir to the aeration tank on 
one side and over a long rectangular 
weir back to the aerated holding tank 
on the other. This arrangement makes 
it possible to get a practically constant 
rate of flow through the aeration and 
final tanks, regardless of the widely 
fluctuating flow coming into the aerated 
holding tank. All sludge is returned 
from the settling tank to the influent 
end of the aeration tank. 

Flow through the plant is about 

8,000 g.p.d.; the rate of sludge return 
is 400 to 500 per cent. 


Cherry Grove Dairy Plant 


The Cherry Grove Dairy plant con- 
sists of an aerated holding tank having 
a capacity of 8,200 gal.; an aeration 
tank having a capacity of 15,200 gal. ; 
a final settling tank having a eapacity 
of 4,000 gal.; and a 100-c.f.m. blower. 
The raw sewage flows into a division 
box, which discharges over a 90° V- 
notch weir to the aeration tank, and 
over a rectangular weir back to the 
aerated holding tank. A pump lifts the 
waste from the holding tank to the in- 
fluent end of the division box. This ar- 
rangement provides means for main- 
taining a nearly constant rate of flow 
through the aeration and settling tank, 
regardless of the fluctuating rate of 
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FIGURE 1.—Schematic flow diagram of milk waste treatment plant employing the 
activated sludge process. 
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waste discharge from the dairy. An 
air lift returns all the sludge from the 
settling tank to the influent end of 
the aeration tank. 


Simple to Operate 


The operation of the last three plants 
mentioned is very simple. There is only 
one valve that can be adjusted—the 
34-in. valve controlling the air supply 
to the air lift. The 90° V-notch weir 
is set so that the total flow over it in 
24 hr. is equal to the total flow coming 
to the plant in 24 hr., even though 
this total flow comes in a period of 5 
to 7 hr. The rate of return of the 
settled sludge is not critical; best. op- 
eration seems to be achieved when this 
rate is from 400 to 700 per cent of 
the average daily flow through the 
plant, and has no relationship to the 
momentary rate of flow through the 
plant. 
~ Experience with the plants men- 
tioned indicates clearly that treatment 
of dairy waste by the activated sludge 
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process is entirely practical, that such 
plants can be made extremely simple, 
and that the operation of them can be 
reduced to seeing that the blower and 
pump are kept operating and the dif- 
fuser media are kept clean. The ad- 
vantage of having an aerated holding 
tank to equalize the flow through the 
aeration and settling tank and to com- 
posite the wastes from the dairy is very 
marked. The idea of disposing of all 
milk solids by means of aerobic action 
has been proven practical. 

There now remains the problem of 
working out the most economical de- 
signs for this type of plant. That can 
best be done by making a continuing 
study of plants of this type treating 
milk waste, correcting errors in existing 
plants as they develop, and improving 
equipment to meet actual operating 
problems as they arise. 


Reference 


1. Eldridge, E. F., ‘‘Dairy Waste Disposal.’’ 
Sewage Works Jour., 21, 4, 668 (July, 
1949). 
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CANNERY WASTE TREATMENT AND DISPOSAL 


By C. W. TEMPLETON 


Asst. Chief Engineer, Stokely Foods, Inc., Indianapolis, Ind. 


Waste treatment and disposal for 
large or small seasonal canneries has 
been an increasing problem since the 
day that discharge direct to open 
streams became unpopular. The short 
periods of operation make the cost 
of adequate treatment facilities consid- 
erably greater in proportion to plant 
production than in a year round opera- 
tion. Therefore, the seasonal cannery 
has had to develop its own methods of 
waste treatment, which are often adap- 
tations of other industrial treatment 
methods, but with many improvisations 
of their own. 

Three common methods of 
treatment are discussed herein, as well 
as one new method which was studied 
during the 1950 season. The methods 
or systems are: 


waste 


1. Discharge to municipal treatment 
plants. 

2. Lagooning, with added 
stabilization. 

3. Soil absorption. 

4. Anaerobie digestion, first at- 
tempted in this field during 1950. 


chemical 


Municipal Treatment 


The most desirable soiution to the 
waste disposal problem for both the 
canner and the community is treatment 
by the municipal sewage treatment 
plant. Unfortunately, the seasonal ean- 
ning plant is most often located in 
rural areas where adequate municipal 
facilities are not available. In fact, the 
municipal plants of most villages and 
towns are overloaded by the communi- 


* Presented at 25th Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment Con- 
ference; Columbus, Ohio; June 20-22, 1951. 


ties’ sanitary sewage, and for financial 
reasons can not contemplate extending 
facilities to handle cannery waste. The 
seasonal canning plant waste load often 
exceeds the sanitary load of the entire 
community. The cannery peak also 
comes at the season of the year when 
stream flow is low, so the treatment 
plant must be eperated at peak ef- 
fectiveness, whether or not it has the 
additional cannery waste. 

Perhaps credit should be given here 
to the town of Norwalk, Ohio, one of 
the few towns near which Stokely op- 
erates a seasonal plant that is fortunate 
in having a treatment plant capable of 
handling its sanitary load and the can- 
ning plant waste. Such an arrange- 
ment is advantageous to the canner and 
to the welfare of the community. Also, 
in all probability, the extra assessment 
is a welcome addition to the municipal 
plant budget. 


Lagooning 

The method of waste treatment most 
widely used by the company is lagoon- 
ing. Lagooning consists merely of a 
suitable basin to impound the entire 
season’s production of sereened liquid 
waste. The waste is held long enough 
to permit stabilization and is then re- 
leased into a watercourse. Sodium ni- 
trate usually is added to accelerate sta- 
bilization and minimize odor produc- 
tion. Experience has shown that the 
addition of nitrate in amounts of 150 
lb. per 1,000 cases of peas and 200 Ib. 
per 1,000 cases of corn or tomatoes will 
normally keep odor production under 
control and will complete stabilization 
in a suitable period of time. 
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The plant waste is screened through 
a 10- or 20-mesh vibrating screen before 
introduction to the lagoon. Screens of 
40 and even 60 mesh are often recom- 
mended, but personal experience indi- 
cates that they are less effective than 
the larger screens, due to blinding of 
the screens, with consequent overflow 
of solids into the pump sump. 

Sodium nitrate is usually added in 
the pump sump. It may be added dry 
or in solution. The author prefers 
putting the nitrate in solution and let- 
ting the required amount drip into the 
sump over the entire operating day. 
The important feature of nitrate ap- 
plication is not the method of introdue- 
tion, but to be certain that the required 
amount is added each day. If insuffi- 
cient nitrate is added at the start of the 
pack, the addition of overdoses later 
on will be relatively ineffective. At 
Stokely, the ‘‘eye and nose’’ test is 
used to determine whether the addition 
of nitrate is satisfactory. If the odor 
is offensive and the water has a grayish 
appearance, more nitrate is indicated. 
If the odor is no more effensive than 
that of a well-kept stable, and the water 
has a green to brown appearance, with 
small amount of brown scum, the ap- 
plication of nitrate is considered suffi- 
cient. 

The depth of the lagoon should not 
exceed 4 ft. This permits sunlight 
penetration to the bottom, which aec- 
celerates the stabilization process. 

Good housekeeping includes keeping 
weeds around the edge of the lagoon 
closely cropped to control mosquito 
breeding. Also, 1 pt. per day of a con- 
centrated emulsion carrying in excess 
of 25 per cent DDT is introduced into 
the pump sump. It effectively con- 
trols the production of mosquito larvae. 

Lagoons require frequent inspection, 
as burrowing rodents often do exten- 
sive damage to the banks. 

Stokely’s experience with lagoons 
has been generally satisfactory, but oe- 
easional production of odor is still en- 
countered. This system of waste dis- 
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posal does require proper attention in 
all phases of operation. Once a lagoon 
gets out of control, it is practically im- 
possible to regain control for the rest 
of the season. 


Soil Absorption 


The soil absorption method of waste 
treatment and disposal, as practiced 
by the Stokely organization, varies only 
slightly from the lagoon method. The 
principal difference is that the waste 
is never drained from the lagoon, but 
is absorbed into the soil. Prior to the 
next season’s pack the lagoon is plowed. 
The choice between the two methods 
depends primarily upon local soil con- 
ditions. 

Anaerobic Digestion 

Sodium nitrate is an expensive item 
in lagoon treatment, so for some time 
ways and means to eliminate its use 
have been considered. In this direction 
the Stokely company cooperated, dur- 
ing the 1950 season, with the National 
Canners Association and Professor Don 
E. Bloodgood, of Purdue University, in 
studies of anaerobic digestion. Full- 
scale test operations were conducted at 


-the company’s Greenwood, Ind., and 


Beaver Dam, Wis., plants. The Beaver 
Dam operation and study is fully re- 
ported in Research Report No. 1-51 of 
the Washington Research Laboratories 
of the National Canners Association. 
The report was written by N. H. San- 
born and R. A. Canham. Due credit 
is given to this report, from which the 
following data and observations on 
anaerobic digestion have been taken. 

The theory of anaerobic digestion is 
to hold the raw liquid waste in intimate 
contact with suspended solids which 
have the ability to accelerate decompo- 
sition. Usually this type of digestion 
is carried on at elevated temperatures 
in inclosed digestion units, but for rea- 
sons of economy this study was con- 
ducted in an open pond without tem- 
perature control. 

The digester unit was an open pond, 
80 ft. wide, 270 ft. long, and 7 ft. 
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deep, with » capacity of 1,000,000 gal. 
One wall of the digester was common 
to the storage lagoon, which had a 
capacity of 7,000,000 gal. The digester 
was seeded with 175,000 gal. of digested 
sludge supplied by the Beaver Dam 
municipal sewage treatment plant. The 
first or anaerobie stage of reduction 
was accomplished by agitation supplied 
by four heavy-duty ‘‘Lightnin’’ mixers 
individually mounted on rafts so their 
position could be varied for experi- 
mental purposes. From the digester 
the waste overflowed into the storage 
lagoon, where the second stage of re- 
duction occurred without further treat- 
ment except that occurring naturally 
in a storage lagoon. 


Pea Pack 

During the pea pack, the raw waste 
flow varied from 75,200 to 405,000 
g.p.d. Such fluctuations are to be ex- 
pected in the canning of seasonal prod- 
ucts, but they render difficult the in- 
terpretation of certain data relative to 


the performance of the treatment plant. 
The B.O.D. of the raw waste on can- 
ning days varied from 245 to 1,690 
p.p.m., with an average of 790 p.p.m.; 
the digester effluent varied from 351 to 
859 p.p.m., with an average of 564 


p.p.m. The B.O.D. of the storage la- 
goon ranged from 46 to 346 p.p.m., 
averaging 183 p.p.m. The B.O.D. load- 
ing, in terms of pounds per 1,000 cu. 
ft. of digester capacity, for canning 
days varied from 1.2 to 31.7, with an 
average of 18.2. The detention time in 
the digester on canning days varied 
from 2.34 to 12.6 days, with an average 
of 3.56 days. 

The pH of the raw waste varied from 
7.2 to 8.0, with an average of 7.5; the 
digester effluent pH varied from a lower 
value of 6.0 to 7.0 to something above 
8.4 (the limit of the available colori- 
metric pH kit), averaging approxi- 
mately 8.0. 

The raw waste temperature varied 
from 72° to 90° F., with an average of 
80.5° F. The digester effluent tempera- 
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ture ranged from 72° to 84° F., averag- 
ing 77° F. 

The average B.O.D. reduction, based 
on the quantity of B.O.D. entering the 
digester and that leaving the digester, 
was 37.8 per cent, equivalent to 870 Ib. 
per day, or 6.85 lb. per 1,000 eu. ft. of 
digester per day. Under the conditions 
actually prevailing, the B.O.D. reduc- 
tion through the storage lagoon, to the 
end of pea pack only, was approxi- 
mately 58 per cent; through the com- 
bined digester and lagoon the redue- 
tion was 74 per cent. 

As a matter of interest, but not pre- 
sented as data suitable for the caleu- 
lation of B.O.D. reductions, the B.O.D. 
at the end of the pea pack was 320 
p.p.m., whereas one month later it was 
only 20 p.p.m. The average B.O.D. of 
the raw pea waste was 790 p.p.m. 

A few days after operations began, 
the digester developed a hydrogen sul- 
fide odor. Twelve days after the start 
this odor could be detected up to 800 
ft. from the digester. It was believed 
that loss of sludge through the over- 
flow opening was responsible for the 
gradual increase in odor, so sludge was 
added. Within a few days after the 
addition of sludge, a diminution of 
odor was apparent. It is believed that 
odor production would not be objection- 
able if sufficient digester solids were 
present. Hydrogen sulfide was the 
only odor produced in the digester. 

The storage lagoon did not develop 
an odor intensity considered objection- 
able. On several occasions a little hy- 
drogen sulfide odor was noted near the 
point where the digester waste entered. 
The predominant odor of the storage 
lagoon was an ammoniacal or amine 
odor, suggestive of cow urine, and was 
recorded as ‘‘urine.’’ Usually the odor 
was not noticeable, even when standing 
on the banks of the lagoon. 

The digester remained black in color 
during the entire pea pack. The stor- 
age lagoon developed a green color at 
the start of the pack, but beeame pro- 
gressively darker. After heavy rains 
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the lagoon became light green in color, 
only to darken again as the season pro- 
gressed. The darkening in color may 
have been due primarily to black sludge 
carried over from the digester. 


Corn Pack 


The digestion system was operated 
in the same manner for the corn pack 
as it was for peas, except that a set- 
tling chamber was added at the di- 
gester overflow to diminish the over- 
flow of sludge. During the corn pack 
the raw screened waste varied from 
32,500 to 150,000 g.p.d. The detention 
period in the digester ranged from 6.35 
to 29.2 days, with an average of 11.3 
days. 

The 5-day B.O.D. of the raw waste 
varied from 1,187 to 3,051 p.p.m., with 
an average of 2,169 p.p.m.; the digester 
effluent B.O.D. varied from 165 to 1,622 
p.p.m., with an average of 1,068 p.p.mh. 
The lagoon B.O.D. ranged from 20 to 
201 p.p.m., averaging 185 p.p.m. 

On the basis of the total quantity of 
B.O.D. fed to the digester and that 
which overflowed, the average B.O.D. 
reduction was 56 per cent, equivalent 
to 930 lb. per day or 7.33 lb. per 1,000 
cu. ft. of digester per day. This does 
not take into consideration the amount 
of B.O.D. retained in the digester. 

Considering separately the pounds of 
B.O.D. entering the lagoon, a reduction 
of 75 per cent was effected by the la- 
goon during the period covering the 
corn pack only. On an over-all basis, 
the B.O.D. reduction through the di- 
gester and the lagoon was 89 per cent. 
No doubt considerably greater reduc- 
tion would have been found had data 
been obtained for periods beyond the 
corn pack. 

A few days after the corn pack 
started a slight hydrogen sulfide odor 
was noted at the digester. This odor 
increased in intensity only slightly and 
leveled off for the balance of the season. 
At no time was the odor of such in- 
tensity that it could be detected at a 
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distance of more than 50 ft. The lagoon 
developed a very slight urine odor, but 
this was never noticeable beyond the 
lagoon banks. 

The color of the digester became in- 
fluenced by the starch in the corn and 
remained a dark gray throughout the 
pack. The lagoon maintained a green- 
ish color during the entire season, 
gradually increasing in intensity. 


General Observations 


The study of a new treatment proc- 
ess operating for only a few weeks un- 
der radically changing conditions 
makes generalized conclusions difficult, 
if not impossible. If the conditions 
that prevailed during the corn pack 
could be considered as normal, it could 
properly be concluded that, so far as 
abating stream pollution is concerned, 
treatment was satisfactorily accom- 
plished without objectionable odor 
formation. It is presumed that had 
there been no loss of solids from the 
digester during the pea pack, less 
odor would have been produced. A 
further study of anaerobic digestion at 
Beaver Dam will be undertaken during 
the 1951 season. 

The cost of treatment amounted to 
$6.18 per 1,000 cases of No. 2 cans 
packed, calculated on the basis of the 
power consumed by the mixers, amorti- 
zation of the cost of the mixers over a 5- 
year period, and amortization of the di- 
gester and lagoon over a 10-year period. 
If the construction and installation 
costs are amortized over a 20-year pe- 
riod, the cost of treatment would 
amount to $4.75 per 1,000 cases of No. 
2 cans packed. It is interesting to note 
that had sodium nitrate been used at 
the 1949 dosage rate the cost of nitrate 
alone would have been $7.79 per 1,000 
cases of No. 2. cans. 

Considerable confidence is placed in 
the future of anaerobic digestion sys- 
tems, but a decision has not yet been 
reached to adopt it for regular opera- 
tions. 
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Chemical Precipitation 


Perhaps mention should be made of 
chemical precipitation which was very 
popular in Wisconsin until recent 
years. The Health Department of that 
state now recognizes these systems as 
being less than 50 per cent effective 
for canning plant waste treatment. 
Stokely has two such systems at Astico, 
Wis.; one for a pea plant, the other 
for a corn plant. As the pea and corn 
seasons do not overlap, both treating 
plants are used for each pack. This 
gives increased precipitaitor capacity 
for each pack, and extends the operat- 
ing period of each treatment system, 
which is considered beneficial; yet this 
system is not considered to be more 
than 50 per cent effective. 


Poly-Cide 

Several commercial materials have 
recently appeared on the market with 
claims ranging from odor control to 
B.O.D. reduction ability. One of these, 
called Poly-Cide (sold by Brooks Boiler 
Treatment Company), was tried. The 
study of this material has been limited 
to a small number of plants during one 
season; therefore, the following is of- 
fered merely as observations and is not 
to be taken as considered recommenda- 
tion or condemnation of such materials. 

Poly-Cide is considered to be an odor- 
masking agent, as it is very odoriferous 
itself. Experience during the study 
does not indicate that it materially 
contributes to B.O.D. reduction or that 
it can be considered a replacement for 
sodium nitrate. At Gibson City, IL, 
it was found effective for odor control 
in a soil absorption lagoon. At Pauld- 
ing, Ohio, in a straight lagoon system, 
it was effective during the season, but 
lost odor control immediately after the 
pack was completed. Considerable diffi- 
culty was encountered when the lagoon 
was drained. 

Poly-Cide was found very effective 
for odor control when sprayed around 
the base of pea vine stacks and around 
the stack waste drainage canals. At 
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Gibson City approximately 2 gal. per 
day were used for this purpose at a 
eost of $6.50 per day for materials 
only. 

As previously stated, the Poly-Cide 
did control odor in the soil absorption 
lagoon at Gibson City. The flow of 
liquid corn waste ranged from 275,000 
to 500,000 g.p.d. Poly-Cide was regu- 
lated to drip into the pump sump at 
the rate of approximately 22 g.p.d. (16 
hr.), which cost $70 per day for ma- 
terial. 

Further study of this type of ma- 
terial is expected to be made during the 
1951 packing season. 


Waste Utilization 


Any discussion of canning waste dis- 
posal would not be complete without 
mention of waste utilization. There is 
considerable nutritive value in most 
canning plant wastes. When these can 
be economically reclaimed, not only is 
the waste disposal problem alleviated, 
but some expense also is eliminated. 

The dehydration of citrus peel is 
profitably accomplished by several 
plants in Florida. There is a ready 
market for the product to cattle feed- 
ers. 

Pilot plant operations on recovery 
and dehydration of tomato plant wastes 
have been reported (1). The dehydra- 
tion was successfully accomplished and 
the product was sold for an ingredient 
of canned dog food. However, the vol- 
ume of waste available at any one plant 
was insufficient to justify the cost of a 
commercial installation. 

The waste of apple sauce production 
has been processed to produce a con- 
centrated flavoring material. This is 
understood actually to have been devel- 
oped into a major item in some in- 
stances, so that it is the prime product 
and replaces the apple sauce production 
from which it was originally a by-prod- 
uct. 

The dehydration of pea vine waste 
into a meal suitable for an ingredi- 
ent of stock feed has been accom- 
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plished. Stokely has been interested 
in these operations, but to date has 
made no actual study or test opera- 
tions. 


Conclusion 


In conclusion, each plant is consid- 
ered as an individual problem; no one 
treatment method has been found that 
is ideal for all seasonal canning plants. 
However, one or a variation of the sys- 
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tems mentioned can be adapted to al- 
most any plant. Naturally, there are 
other systems just as practical, but 
this report has been confined primarily 
to experience with the Stokely opera- 
tions. 
Reference 

1. Templeton, C. W., ‘‘ Dehydration of Tomato 

Wastes.’’ Proc. of Third Indus. Waste 


Conf., Purdue Univ., Extension Series 
No. 64, p. 258 (1947). 


PLANT MAINTENANCE CONFERENCE TO BE HELD 
IN PHILADELPHIA 


In the most extensive discussion of 
plant maintenance problems ever un- 
dertaken, Manly Fleischmann, admin- 
istrator, Defense Production Admin- 
istration, will head a group of 56 
speakers at the Plant Maintenance Con- 
ference, Convention Hall, Philadelphia, 
Pa., January 14-17, 1952. The exposi- 
tion management, Clapp & Poliak, Inc., 
of New York City, expect more than 
14,000 to attend, with 225 companies 
exhibiting. 

Special emphasis in both the con- 
ference and the exhibits will be placed 
on preventive maintenance to help in- 
dustry meet the huge military and 
civilian production schedules of 1952; 
but it is from such industrial know-how 
that the basic advancements in treat- 
ment plant maintenance are derived. 
The conference is sponsored by the 
American Society of Mechanical Engi- 
neers and the Society for the Advance- 
ment of Management. The American 


Society of Lubrication Engineers con- 
ducts the panel on lubrication. 

The conference will be divided into 
more than 30 separate sessions to ac- 
commodate special talks on individual 
industry needs and to permit discussion 
of problems arising in plants of vary- 
ing sizes and maintenance needs. Par- 
ticular problems to be discussed in- 
clude maintenance of plant buildings, 
electrical equipment, mechanical equip- 
ment, power-plant and service equip- 
ment, and materials handling equip- 
ment. General sessions will be on 
maintenance costs, project separation, 
in special methods, scheduling of main- 
tenance work, training of workers and 
supervisors, personnel, operating pol- 
icies, safety and plant protection, 


housekeeping, and welding. 

Further information regarding de- 
tails of the program may be obtained 
from Clapp & Poliak, Inec., 341 Madison 
Ave., New York 17, N. Y. 
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STUDIES OF BIOCHEMICAL OXIDATION BY 
DIRECT METHODS 


II. Effect of Certain Environmental Factors on the Biochemical 
Oxidation of Wastes * 


By H. HEUKELEKIAN AND I, GELLMAN 


The direct method of oxygen utili- 
zation suggested originally by Sierp 
was improved and modified by Falk 
and Rudolfs (5). Additional im- 
provements have been made since then 
by Gellman (6), who also described 
the use of Warburg apparatus. The 
Warburg apparatus, as another 
method for the measurement of 
B.0.D. of sewage, was used by Cald- 
well and Langelier (1). Dawson and 
Jenkins (2)(3) used the Warburg 
apparatus for determining the oxygen 
requirements of activated sludge and 
the effect of addition of chemicals on 
the oxygen uptake by activated sludge. 
The use and applications of the direct 
oxygen utilization method (Sierp) in 
the study of oxidations of industrial 
wastes were illustrated by Heukelekian 
(9). 

Since then, extensive studies have 
been made under a grant from the 
National Institute of Health on oxida- 
tions of sewage and industrial wastes 
by the use of both the Sierp and War- 
burg apparatus. These direct methods 
of oxygen utilization have been used 
successfully as laboratory tools for 
studying the factors influencing the oxi- 
dation of wastes, similar to the labora- 
tory method used for studying their di- 
gestion by the use of gas production as 
a parameter. The purpose of this paper 
is to present some of the work done 
under this project dealing with the ef- 


* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, 

University, New Brunswick, N. J. 
Part I of this series appeared in THis 

JOURNAL, 23, 10, 1267 (Oct., 1951). 


Rutgers 


fects of environmental factors on the 
oxidation of sewage and industrial 
wastes. The factors considered in this 
paper are: 


1. Effect of pH value. 

2. Effect of nutrient addition. 

3. Effect of substrate concentration. 

4. Effect of volume and source of 
sewage seed. 

5. Effect of seed adaptation. 


The direct method can be used for 
the determination of B.O.D. of sewage 
and industrial wastes, but this is not 
the primary objective of this paper. 
However, there are certain advantages 
in determining the B.O.D. of wastes 
by the direct method. The rate of 
oxygen utilization can be determined 
from a single unit rather than by the 
great number of dilutions required for 
the determination of daily rates by the 
standard dilution or the excess dis- 
solved oxygen method. What cannot 
be done by the latter methods is the 
determination of the oxygen demand 
at any concentration of the waste, be- 
cause of the limitation imposed by the 
low solubility of oxygen in water. 
There are no such limitations in the 
direct methods and the oxygen demand 
can be determined at any concentration, 
either without dilution of even the most 
concentrated waste, or with dilutions. 
The limits of oxygen demand that can 
be determined by these two direct meth- 
ods have been set forth by Gellman 
(6). Furthermore, the effect of environ- 
mental factors such as are described in 
this paper would be almost impossible 
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to determine by the excess dissolved 
oxygen method. It is for these reasons 
that in this paper the use of the term 
B.O.D., as a unit of expression, has been 
carefully avoided in order to emphasize 
the difference in concept and approach. 


Methods and Procedures 


The general methods dealing with 
the use of the Sierp and Warburg ap- 
paratus have been described by Gell- 
man (6), and the specific procedures 
used for the different phases of the 
work will be presented in conjunction 
with the different experiments. The 
pH values of the wastes were adjusted 
whenever necessary to 7.0 to 7.2, ex- 
cept in the special studies dealing with 
the effect of pH on the oxygen utiliza- 
tion. Nutrient requirements were satis- 
fied, in wastes which were deficient, by 
the addition of salts of nitrogen and 
phosphorus, except in studies dealing 
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quantities of these elements required. 
Adequate seeding was provided in all 
eases. The nature and the quantity of 
seed was varied for special studies 
dealing with this phase of the problem. 
All incubations were made at 20° C. 


Effect of pH on Rate of Oxidation 


To determine the effect of pH values 
on the oxidation rates, the wastes were 
adjusted to pH 5, 6, 7, 8, and 9 after 
supplementation with nitrogen and 
phosphorus. The samples were seeded 
with 2 per cent by volume of sewage. 
The oxygen utilization rate of the ad- 
justed samples was determined in the 
Sierp apparatus for a period of 5 days. 
The oxygen utilizations at the different 
PH values are presented (Figure 1) as 
percentages of the values obtained at 
pH 7.0 after 1, 3, and 5 days. In 
board mill white water the oxidation 
rate was not affected within a range 
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FIGURE 1.—Oxygen utilization of six industrial wastes at pH 5 to 9 expressed as 
percentage of oxygen demand at pH 7.0. 
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values of 5 and 9 the oxidation was 
retarded. The retardation was more 
pronounced with the shorter periods of 
incubation. The oxidation of rope cook 
liquor was not affected within a range 
of pH values from 6 to 9 after 5 days 
of incubation. At a pH value of 5 
there was a pronounced retardation, 
even after 5 days. The relative oxida- 
tion after 1 day was greater at pH 8 
and 9 than at pH 7.0 and there was 
no pronounced retardation at pH 5.0. 
In 3 days the oxidation was lower at 
the acid and alkaline side of pH 7.0. 
Additional work with this waste, at pH 
values above 9, indicated that at a pH 
value of 10 the oxidation was lower 
than at pH 9, and at pH 11 there was 
no oxidation during a period of 4 days. 

Antibiotic waste seems to oxidize bet- 
ter at the acid side of pH 7.0 than on 
the alkaline side. The relative rate 
was not much lower at pH 5.0 than at 
pH 7.0 after 3 or 5 days, but the rela- 
tive oxidation at pH 8 and 9 was de- 
cidedly lower than at pH 7.0. 

Spent yeast broth did not show a 
pronounced pH preference. The rela- 
tive oxidation rates were uniform over 
a pH range from 5 to 9 except during 
the first day, when the oxidation was 
lower at either side of pH 7.0. Candied 
fruit waste also had a wide pH range; 
the relative oxidation dropped only 
above pH 8.0 after 5 days, but with a 
2-day incubation period the relative 
oxidation was lower below pH 7.0. 
There was similarly no difference in 
the relative oxidation of slaughterhouse 
waste over the entire pH range of 5 to 


TABLE I.—Effect of Initial pH on the Oxida- 
tion! of 1:20 Spent Sulfite Liquor 
Using Adapted Seed 


Initial pH 
Time (hr 


330 | 415 
930 | 1,010 


155 | 
| 815 
73 | 78 | 7.9 


Final pH 


| 


' Results expressed as p.p.m. Os. 
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TABLE II.—Effect of Initial pH on the Oxida- 
tion! of 1,000 P.P.M. of 
Ethyl Acetate 


Initial pH 
Time 
(days) 


6 7 8 
35| 60) 85 
0 | 35 | 155 | 305 | 490 
15 | 185 | 370 | 490 640 
20 | 245 | 425 | 805 | 810 


Final pH |3.6 | 3.1| 3.2 3.3 | 33 


1 Results expressed as p.p.m. O:. 


9 in 5 days. In 1 day the relative oxi- 
dation was lower at pH 5.0 than at 
higher pH values. 

In general, for the oxidation of most 
industrial wastes there is a rather broad 
pH range, which extends from at least 
6 to 8, especially with longer incuba- 
tion periods. The initial lag caused 
by unfavorable pH values is overcome 
with longer periods of incubation. 
Some wastes, such as spent yeast broth, 
slaughterhouse waste, and rope cook 
liquor, oxidized as readily at pH 9.0 as 
at 8 or 7, whereas others, such as anti- 
biotie wastes, are greatly affected by 
pH values of 9, or even 8, and oxidize 
better at pH 7 or lower. 

The effect of initial pH value on the 
rate of oxidation of diluted spent sul- 
fite liquor was studied. The original 
sulfite liquor contained 10 per cent 
solids and had a 5-day B.O.D. of 19,000 
p.p.m. It was diluted 1:20, nutrients 
were added, pH was adjusted from 4 to 
7, and it was seeded with previously 
adapted seed. The results (Table I) 
show that as the initial pH increased 
from 4 to 7 the oxygen utilization in- 
creased and that the final pH in each 
ease was higher than the initial value. 

The effect of initial pH on the oxida- 
tion of 1,000 p.p.m. ethyl acetate is in- 
dicated in Table II. The initial pH was 
varied from 4 to 10 using samples 
seeded with 10 per cent settled sewage ; 
sufficient nitrogen and phosphorus were 
added for the requirements. All sam- 
ples with an initial pH of 8.0 or lower 
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TABLE III.—Effect of Buffer on the Rate of 
Oxidation! of 1,000 P.P.M. of 
Ethyl Acetate 


Utilized (p.p.m.) 
Time (days) 
Buffered Not Buffered 

1 155 140 

2 860 355 

3 1,040 820 

4 1,140 900 
Final pH 78 3.9 


! Results expressed as p.p.m. O». 


had a final pH value of 3.0 to 3.6 after 
4 days. Apparently, acid intermediates 
were produced during oxidation, in ad- 
dition to CO,. The carbon dioxide 
produced cannot be responsible for the 
lowering of the pH value, as complete 
absorption of the CO, was obtained by 
providing an alkali in the reaction 
vessel. Despite the drop in pH values, 
the highest oxygen utilization took 
place at pH values of 7 and 8 and not 
at pH 9 or 10 which are more inimical 
to the oxidation of ethyl acetate than 
an initial adjustment to 7 or 8 with a 
final pH of 3.3. 

To prevent the decrease in pH during 
oxidation, a portion of 1,000 p.p.m. 
ethyl acetate was buffered with potassi- 
um phosphate to a pH of 7.7. Another 
portion remained unbuffered. Required 
amounts of nitrogen and phosphorus 
were added, the solutions were seeded 
with 10 per cent settled sewage, and 
the oxygen utilization was determined 
by the direct method. The results 
(Table III) show that in the unbuffered 
mixture the pH value decreased to 3.9 
after 4 days, whereas in the buffered 
mixture the pH was at 7.8 after 4 days. 
The oxygen utilization was decidedly 
higher in the buffered mixture. 


Effect of Nutrient Addition 


The nitrogen requirements of a num- 
ber of industrial wastes were studied 
by the direct method. Each waste was 
adjusted to pH 7.0 and seeded with 
2 per cent sewage. Then various quan- 
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tities of nitrogen were added (as 
NH,Cl) and the oxygen utilization dur- 
ing a 5-day incubation period was de- 
termined in the Sierp apparatus. The 
daily quantities of oxygen utilized by 
addition of various quantities of nitro- 
gen to board mi!l white water are illus- 
trated in Figure 2. The control with- 
out additions of nitrogen utilized 
oxygen at a slow rate with a total 
of 330 p.p.m. in 5 days, whereas addi- 
tion of 15 p.p.m. of nitrogen increased 
the oxygen utilization greatly, with an 
oxygen utilization of 885 p.p.m. in 5 
days. The addition of 30 p.p.m. of 
nitrogen caused a slight additional in- 
crease of oxygen utilization over the 
15-p.p.m. addition ; the values obtained 
with 45 p.p.m. nitrogen were identical 
with those obtained with 30 p.p.m. The 
required amount of nitrogen addition 
is estimated to be slightly higher than 
15 p.p.m., possibly in the neighborhood 
of 20 p.p.m. 

Similar studies were made with dex- 
trose, rice-cooking waste, rope cook 
liquor, and waste from candied fruit 
production. The detailed results are 
not given, but a summary of the nitro- 
gen requirements based on these studies 
is shown in Table IV, which includes 
the nitrogen present originally in the 
waste, the additional nitrogen required, 
the oxygen utilized, and the ratio of 


TABLE IV.—Nitrogen Requirements for the 
Oxidation of Several Industrial Wastes 


Nitrogen (p.p.m.) 
—. Oo Uti- | Uti- 
Waste In lized! | lized: N 
Original | Added (p.p.m.) | Ratio 
aste 
1,500 p.p.m. 
dextrose 0 40 880 22 
Rice cook 
water 30 20 1,020 20 
Board mill 
white water 35 20 940 17 
Rope cook 
liquor 2 40 780 18 
Candied fruit 
waste 6 35 800 19 


1In 5 days. 
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the oxygen utilized to the sum of the 
nitrogen present in the waste and the 
added nitrogen. 

With the exception of dextrose, all 
wastes contained initially some nitro- 
gen. It is of interest that even dextrose 
without addition of supplemental nitro- 
gen manifested some oxygen utilization 
(145 p.p.m. in 5 days) for a 1,500- 
p.p.m. solution of dextrose. The oxy- 
gen utilization of dextrose and the 
other nitrogen-deficient wastes em- 
ployed in these experiments increased 
with increasing supplemental additions 
of nitrogen up to a given point. Fur- 
ther additions did not increase the oxy- 
gen utilization. This optimum point of 
supplemental addition of nitrogen plus 
the nitrogen contained in the original 
waste (if present) represents the actual 
requirement for biochemical oxidation 
of the organic substances. The oxygen 
utilized with optimum quantity of ni- 
trogen (added phis originally present) 
shows ratios varying from 22 to 17 for 
various organic wastes tested. These 
examples illustrate how readily the ni- 
trogen deficiency (if any) and the 
quantity of nitrogen required to make 
up the deficiency can be determined for 
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maximum biochemical oxidation of any 
waste. 


Effect of Substrate Concentration 


The question often arises as to 
whether the concentration of organic 
matter per se plays a role in the oxida- 
tion. This is not merely an academic 
question, but has some important ap- 
plications. In the determination of 
B.O.D. by the dilution method, various 
concentrations of a given sample are 
tested and the results are assumed to 
be independent of the concentration of 
the organic matter in the sample tested. 
It is true that the differences in the 
concentration are limited by virtue of 
the limited oxygen supply, but the ad- 
ditional question arises as to whether 
the oxidation rates as obtained in the 
highly diluted samples apply equally 
well when the same waste is treated 
without dilution under otherwise iden- 
tical conditions. If the dilution affects 
the rate of oxidation, the projection of 
the results to oxidation rates in a 
stream will be in error, except when di- 
lution in the stream happens to be of 
the same order as in the laboratory 
B.O.D. technique. 


PPM. Oo UTILIZED 
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FIGURE 2.—Oxygen utilization of board mill white water supplemented with different 
quantities of nitrogen. 
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TABLE V.—Deoxygenation Constants of Sewage by the Standard 
Dilution and Direct Methods 


Standard Dilution Method Direct Method 
Sample 
Number 5-Day Ult. 1-Day 5-Day Ult. 1-Day 
B.O.D. B.O.D. k 5-Day B.O.D. B.O.D k 5-Day 
(p.p.m.) (p.p.m.) B.O.D. (p.p.m.) (p.p.m.) B.O.D. 
1 167 186 0.248 0.475 189 213 0.265 0.490 
2 95 110 0.233 0.505 108 118 0.228 0.515 
3 81 99 0.244 0.455 95 110 0.234 0.465 
4 60 71 0.240 0.485 71 80 0.234 0.495 
5 135 143 0.294 0.480 156 170 0.271 0.520 
6 300 336 0.239 0.520 333 376 0.263 0.545 
7 67 71 0.278 0.520 76 84 0.285 0.515 
8 128 137 0.317 0.560 149 158 0.318 0.535 
Av 129 144 0.262 0.507 147 164 0.262 0.514 


A study was accordingly made con- 
cerning the effect of sewage concentra- 
tion on the rate of oxidation and oxy- 
gen demand as determined by the 
standard dilution method and by the 
Warburg apparatus. The k and L 
values were calculated by the Thomas 
method (13) from determinations over 
a 5-day period. The results from eight 
domestic sewages, as obtained from a 
series of dilutions by the standard ex- 
cess dissolved oxygen method, are com- 
pared (Table V) with those obtained 
by the Warburg method without dilu- 
tion. 

Both the 5-day and ultimate oxygen 
utilization values by the Warburg 
method were, on an average, 14 per 
cent higher than the B.O.D. values ob- 
tained by the standard dilution method. 
The rate of oxidation, however, is in- 
dependent of sewage concentration and 
the & values obtained by each method 
averaged 0.262. Gotaas (8) obtained 
an average k value, at 20° C., of 0.19 
with considerable variations with dif- 
ferent sewages. Ruchhoft, Placak, and 
Ettinger (12) found the most fre- 
quent k values to be 0.16 to 0.20 in 
45 samples of sewage. Moore, Thomas, 
and Snow (11), using 7-day series of 
observations, obtained k values of 0.2 
for several domestic sewages. The 
higher values obtained in the present 
study may be due, in part, to the fact 


that the sewages were filtered through 
cotton, removing the coarser and less 
readily oxidizable organic material. 

The problem was studied in still an- 
other way. Various concentrations of 
four different sewages were placed in 
the Warburg apparatus, the oxygen 
utilizations in 5 days determined, and 
the results compared with the B.O.D. 
values obtained with the standard di- 
lution method (Table VI). The con- 
centration of sewage in the Warburg 
series varied from 100 to 10 per cent. 
With decreasing sewage concentration 
the oxygen utilization decreased. The 
minimum values with the Warburg ap- 
paratus were obtained with 10 per cent 
concentration and the values obtained 
at this concentration corresponded more 
closely to the B.O.D. obtained by the 
standard dilution method. 


TABLE VI.—Five-Day Oxygen Demand' of 

Four Sewages at Different Concentrations as 

Determined by the Direct Method in Compari- 
son with the Standard Dilution Method 


Sewage Concentration (% 


| Dilution 


1 135 
2 | 7| 77| 76) 73| 70) 62| 67 
3 10s 333 | 331 | 321 |295| 300 


150 148 147 146 144 142 | 128 


1 Results expressed as p.p.m. O; utilized. 
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The effect of substrate concentration 
on the oxygen utilization of spent sul- 
fite liquor was studied to determine 
whether the concentration of the sub- 
strate, as such, had an effect on the 
oxygen utilization. Various dilutions 
of sulfite liquor waste were made from 
1:20 to 1:2, nutrients were added, the 
pH was adjusted to 7.0, and the speci- 
mens were seeded with previously 
adapted seed. The oxygen utilization 
values, in p.p.m. in 21 hr. on the basis 
of the original undiluted sample, were 
as follows: 


Os Util. 

Dilution (p.p.m.) 
1:20 19,400 
1:8 19,600 
1:4 19,720 
1:2 20,600 


Within the dilution range employed 
there was no significant difference in 
the oxygen utilization. The 5-day dilu- 
tion B.O.D. of this waste was 23,000 
p.p.m. at a dilution ratio of 1:10,000. 
About 87 per cent of the 5-day oxygen 
demand at 1:10,000 was exerted with 
adapted seed in 21 hr. at much higher 
concentrations of substrate. With a 5- 
day incubation period by the direct 
method it is reasonable to assume that 
an oxygen demand equal to that ex- 
erted by the dilution method at 1: 
10,000 would have been obtained and, 
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hence, over a range of dilutions from 
1:2 to 1: 10,000 there would be little, 
if any, effect on oxygen utilization. The 
waste can be oxidized as effectively 
without dilution as with extreme dilu- 
tion, provided sufficient oxygen can be 
supplied to meet the high rates of de- 
mand exerted without dilution. 


Effect of Sewage Seed Volume and 
Source 


A study was made of the effect of 
source and volume of seed on the oxy- 
gen utilization of industrial waste by 
the direct method. In all cases the 
pH values of the wastes were adjusted 
to 7.0 and domestic settled sewage from 
a number of municipal plants was used 
for seeding. Where the waste was de- 
ficient in nitrogen and phosphorus, it 
was corrected by the addition of 
NH,Cl and KH,PO,. 

For the first experiments, a synthetic 
substrate was selected because such a 
substrate would not contain as many 
organisms as a waste; therefore, the 
effect of additions of different quanti- 
ties of seed could be demonstrated more 
readily. The substrate contained 1,000 
p.p.m. each of dextrose and peptone. 
Sewage from three different municipali- 
ties not containing appreciable amounts 
of industrial wastes was studied. The 
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FIGURE 3.—Effect of source and volume of sewage seed on the oxidation of dextrose and 
peptone substrate (1,000 p.p.m. each). 
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FIGURE 4.—Effect of volume of sewage seed on the oxidation of dextrose and peptone 
substrate (1,000 p.p.m. each). 


substrate was inoculated with 1 and 
10 per cent of these sewages by volume. 
The rate of oxidation of the substrate 
was measured in the Sierp apparatus 
over a 5-day period. The oxygen de- 
mand of the sewages was determined 
separately by the same technique, and 
corrections were made for the oxygen 
demand exerted by the sewage in the 
substrate. The oxygen demands due 
to the substrate seeded with three sew- 
ages at 1 and 10 per cent volume con- 
centrations are shown in Figure 3. The 
results indicate the general trend with 
slight variations in the oxygen demand 
exerted due to seeding with sewage ob- 
tained from different sources. The dif- 


ferences were more pronounced with 
shorter periods of incubation and there 
was a lag of one day, which was not 
overcome, even with 10 per cent seed- 
ing. The higher seeding volume re- 
sulted in somewhat higher oxygen con- 
sumptions throughout the 5-day pe- 
riod, but the differences became smaller 
with the longer period of incubation. 
The average oxygen utilization values 
for the three sewages used as seed dur- 
ing a 1-day incubation period were 83 
p.p.m. for 1 per cent dilution and 218 
p-p.m. for 10 per cent dilution; during 
the 5-day period the corresponding 
values were 1,580 and 1,690 p.p.m., re- 
spectively. 
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The oxygen demand exerted during 
one day was more than 1.5 times 
greater with 10 per cent seed than 
with 1 per cent. After 5 days the sub- 
strate seeded with 10 per cent sewage 
gave only 7 per cent higher values than 
those seeded with 1 per cent. The 
magnitude of variation for the 1-day 
oxygen utilization between 1 and 10 
per cent inoculations is significant, 
while the 7 per cent variation for the 
5-day period is very close to the confi- 
dence limits of the Sierp apparatus, 
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which have been shown (6) to be 6 per 
cent. 

An additional experiment on the ef- 
fect of seeding dextrose peptone sub- 
strate (1,000 p.p.m. each) with a given 
sewage at concentrations varying from 
0.1 per cent to 6 per cent was con- 
ducted. The results (Figure 4) indi- 
cate, in general, that the oxygen con- 
sumption increases with increasing con- 
centration of seed up to 6 per cent. 
For shorter periods of incubation (1, 
1.75, and 2.75 days) there is no indica- 
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FIGURE 5.—Effect of volume of sewage seed on the oxidation of six industrial wastes. 
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tion that maximum utilizations have 
been obtained, even with 6 per cent 
seed. However, with 4.75 days of in- 
cubation the oxygen demands exerted 
with 4 and 6 per cent seed are nearly 
alike. The values obtained in this ex- 
periment correspond favorably with 
those obtained from the previous ex- 
periments with the same substrate con- 
centration seeded with 1 and 10 per 
cent sewage. 

It should be noted that concentra- 
tion of the substrate also has a bearing 
on the quantity of seed and that there 
is some relationship between food con- 
centration and the amount of seed re- 
quired. 

The effect of seeding with various 
volumes of sewage on the oxygen de- 
mand of six industrial wastes was de- 
termined. All wastes were neutralized 
to pH 7.0, seeded with sewage varying 
from 0 to 10 per cent by volume, and 
the oxygen utilization determined by 
the Sierp method. The results are pre- 
sented in Figure 5. In the ease of 
slaughterhouse waste, variation in sew- 
age volume produced no significant dif- 
ferences in the oxygen utilization. 
Even without artificial seeding the oxy- 
gen utilization was practically the same 
as with 10 per cent seeding. This is 
equally true with short and long pe- 
riods of incubation. It appears that 
this waste is sufficiently contaminated 
with microorganisms capable of oxidiz- 
ing the organic matter present and ad- 
ditional seeding is not required. Simi- 
lar results were obtained with board 
mill white water and spent yeast broth. 

Entirely different results were ob- 
tained with antibiotic wastes and waste 
produced from candied fruit manu- 
facture. Antibiotic waste did not 
utilize any oxygen during the first day, 
irrespective of the volume of sewage 
seed added. During the second day 


appreciable quantities of oxygen were 
utilized with a seed concentration of 
5 per cent and higher, but none at lower 
concentrations. With longer periods of 
incubation the differences between low 
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and high concentrations of seed became 
narrower, but were not obliterated. 
The need for seed is even more pro- 
nounced in waste produced from 
candied fruit manufacture, with no 
oxygen utilization recorded over a pe- 
riod of 5 days without artificial seed- 
ing. A 0.1 per cent seed increased the 
oxygen utilization greatly; beyond 5 
per cent seed no further increase in 
oxygen utilization was observed. A\l- 
though no bacterial counts were made 
of the original wastes, it is likely that 
two types of response to seeding are 
related to the bacteria in the waste. 

The effect of various sewage seed vol- 
umes on the oxidation of 1,000 p.p.m. 
of ethyl acetate was studied. The pH 
value was adjusted initially to 7.0 and 
sufficient nitrogen and phosphorus were 
added to meet the requirements. The 
sewage seed added represented 1, 5, 10, 
and 25 per cent of the total volume. 
The results obtained from 1 and 25 
per cent seed concentrations were as 
follows: 


Incubation Oxygen Utilized (p.p.m.) 
Period 
(days) 1% Seed 25% Seed 
1 45 140 
185 565 
3 470 735 
650 765 


Again, oxygen utilization was higher 
with the greater concentration of sew- 
age used and this effect was most pro- 
nounced with shorter periods of incu- 
bation. 

Similar studies were made with spent 
sulfite liquor. A 1:20 dilution of this 
waste was seeded with sewage in con- 
centrations varying from $0 to 1 per 
cent with the usual adjustment of pH 
value and supplying the nutritional re- 
quirement. The short period oxygen 
utilizations increased with increasing 
seed concentration up to 60 per cent, 
but the 5-day oxygen utilization values 
were practically the same within this 
range of seed concentrations. 

Similar results were obtained from 
a study of the effect of sewage seed 
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concentration on the oxidation of rope 
cook waste. 


Effect of Seed Adaptation on the Oxy- 
gen Utilization of Wastes 


In the previous section, results of 
initial seeding of wastes with various 
volumes of sewage were presented. Ir- 
respective of the volumes of seed used, 
it seems probable that maximum oxy- 
gen utilization was not exerted with 
certain wastes because the flora in the 
sewage used as seed did not contain 
sufficient numbers of microorganisms to 
oxidize wastes of such different natures. 

In the following experiments, after a 
particular waste was oxidized with an 
initial inoculation of sewage, a part of 
the treated waste was used successively 
to oxidize fresh portions of the same 
waste. In all cases the environmental 
factors of pH and nutritional require- 
ments were optimal. 

The effect of seed adaptation on the 
oxidation of 500 and 1,000 p.p.m. of 
phenol was studied starting with sew- 
age as seed and with successive trans- 
fers. At each step the seed represented 
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50 per cent of the total volume. The 
results (Figure 6) show a lag period 
of 3 to 4 days with the initial sewage 
seed in 500 p.p.m. phenol. On the first 
transfer the lag period was reduced to 
1 day; on the second transfer it was 
completely eliminated. On the second 
transfer the same quantity of oxygen 
was utilized in 1 day as with the initial 
sewage seed in 6 days. With 1,000 
p.p.m. of phenol there was a lag period 
of nearly 9 days with the initial sewage 
seed. This period was reduced with 
each successive transfer until the third, 
when it was completely eliminated. The 
quantity of oxygen utilized on the third 
transfer was equal after only 2 days 
to that utilized with initial sewage seed 
after 10 days. Apparently, with prop- 
erly adapted seed a phenol concentra- 
tion of 1,000 p.p.m. can be oxidized 
readily. 

The effect of successive increases in 
the concentration of phenol on its oxi- 
dation was studied. Adapted seed ob- 
tained from the oxidation of 500 p.p.m. 
phenol was used to inoculate a phenol 
solution of 1,000 p.p.m. After 5 days 
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FIGURE 6.—Effect of seed adaptation on the oxidation of 500 and 1,000 p.p.m. of phenol. 
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FIGURE 7.—Effect of seeding on the oxidation of ethyl acetate with various 
concentrations of sewage and adapted seed. 


a portion of this oxidized material was 
used to seed 1,500 p.p.m. phenol solu- 
tion and the process repeated with 2,000 
p.p.m. phenol. At each step equal vol- 
umes of seed were used. The results, 
expressed as percentage of the theoreti- 
cal oxygen demand satisfied, were as 
follows: 


Phenol Concentration (p.p.m.) 
(days) 1,000 1,500 2,000 
1 15 28 19 
2 69 73 34 
3 77 78 54 
4 79 80 
5 80 80 86 


When the phenol concentration was 
increased from 500 to 1,000 p.p.m. there 
was a 1-day lag before active oxidation, 
but this was overcome after 2 days, so 
that 77 per cent of the theoretical oxy- 
gen requirement was exerted in 3 days. 
When the phenol concentration was 
increased to 1,500 p.p.m. the rate of 
oxidation increased somewhat. With a 
further increase of phenol to 2,000 
p.p.m. the oxidation values obtained up 
to 3 days were lower than with 1,500 
p.p.m. phenol. The results indicate 


that phenol concentrations up to 2,000 
p.p.m. can be readily oxidized. 

The effect of seed adaptation on the 
oxidation of ethyl acetate is illustrated 
in Figure 7. Only the results from 
1-day and 4-day incubation periods are 
included. During a 1-day incubation 
period the oxidation was low with all 
concentrations of unadapted sewage 
seed, but was greatly increased at all 
concentrations of adapted seed em- 
ployed. The differences between 
adapted and unadapted seeds are much 
smaller with a 4-day incubation period. 

Figure 8 presents the results of in- 
creasing concentration of adapted seed 
on the oxidation of spent sulfite liquor 
in 1:2 concentration. Maximum bene- 
fit is derived from the use of 5 to 10 
per cent adapted seed; higher seed 
concentrations do not bring about com- 
mensurate increases in oxygen utiliza- 
tion. The differences in the oxygen 
utilization decrease with increasing pe- 
riods of incubation. The 5-day dilution 
B.O.D. of the undiluted spent sulfite 
liquor is 23,000; therefore, nearly com- 
plete oxidation was obtained of the 
1:2 dilution of this waste with 5 to 10 
per cent seed in 2 days. 


3 
> 
ace 
00 
{ 
3 
| Be 
| 
| 
2 
: 
on 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


December, 1951 


14000 


@ 
° 


PPM.Oo UTILIZED 


10 


20 


30 50 


% SEED 


FIGURE 8.—Effect of various concentrations of adapted seed on the oxidation of waste 
sulfite liquor (diluted 1:2). 


The effect of addition of various vol- 
umes of sewage and adapted seeds to 
rope cook liquor for a 2-day incubation 
period is shown in Table VII. The 
cook liquor was diluted 1:2 before use. 
With shorter periods of incubation, in- 
creasing volumes of sewage seed in- 
crease the oxygen utilization, whereas 


with longer periods of incubation the 
effect of increasing concentrations be- 
comes less. With adapted seed the oxi- 
dation of rope cook liquor is greatly 
accelerated in comparison with the oxi- 
dation obtained with sewage seed and 
the effect of increasing concentration 
of seed is not so pronounced. 


TABLE VII.—Effect of Addition of Various Volumes of Sewage and Adapted Seed 


on the Oxidation ' of —_ Cook ae 
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Discussion 


On the basis of results obtained, it 
appears that there is a wide range of 
pH values for the oxidation of various 
industrial wastes—that is, the optimum 
pH is not confined to a narrow point, 
hence the pH value does not need to be 
carefully controlled. Some wastes, 
such as spent yeast broth, slaughter- 
house wastes, and candied fruit wastes, 
have an optimum pH range of 5 to 9. 
Others, like board mill white water and 
rope cook liquor, have an optimum pH 
range from 6 to 9. Still others, like 
the antibiotic and sulfite liquor waste, 
have an optimum range from 5 to 7. 
It is noteworthy that the effect of pH 
is more pronounced and the width of 
the optimum pH range is more re- 
stricted with shorter periods of incu- 
bation. There is a general tendency 
during oxidation for the pH to shift 
toward neutrality from both the acid 
and alkaline ranges. In certain cases, 
however, such as ethyl acetate, this 
generalization does not apply and the 
acid as well as the alkaline ranges all 
tend to become more acid. This is 
probably due to the production of acid 
intermediate products in addition to 
carbon dioxide. The changes in pH 
value cannot be attributed to the pro- 
duction of carbon dioxide as a result 
of oxidation, because in all cases this 
gas was effectively absorbed by the 
alkali. The buffer value of the waste 
has a decided effect on the changes of 
pH value. The decrease in pH value 
of ethyl acetate during oxidation can 
be arrested by buffering the substrate, 
and increased rates of oxidation can 
thereby be obtained. 

The number of wastes studied has 
been limited, but can readily be ex- 
tended by using the manometric tech- 
niques employed. More information of 
general value can be obtained in regard 
to the effects of pH value on the oxida- 
tion rates of industrial wastes, as well 
as more specific information to prede- 
termine the adjustment of pH value of 
a particular waste to obtain maximum 


BIOCHEMICAL OXIDATION OF WASTES. II. 


1559 


rates of oxidation for treatment. Such 
studies could result in considerable eco- 
nomies in cost of acids or alkalies used 
for pH adjustment of a particular 
waste. It may be found, as a number 
of wastes in these studies have shown, 
that for a waste with an original acid 
reaction, adjustment to a pH value of 7 
may not be necessary and that equally 
efficient oxidation may be obtained by 
adjustment to a pH of 5 or 6. A simi- 
lar situation may exist in respect to 
wastes with an original pH of 9 or 10. 

The studies in respect to the nutri- 
tional requirements of industrial 
wastes have confirmed the generally ac- 
cepted view that oxidation is affected 
by a deficiency of nitrogen and phos- 
phorus, as well as the fact that the 
optimum B.O.D. to nitrogen ratio is 
around 20 to 1. The ratios obtained in 
the study have varied from 17:1 to 
22:1. The important point in this re- 
spect is the convenient way in which 
the existence of a nutritional deficiency, 
as well as the quantity of supplemental 
nitrogen ana phosphorus necessary to 
obtain optimum oxidations, may be de- 
termined by the direct methods. All 
that is necessary is to add increasing 
quantities of nitrogen. The quantity of 
nitrogen added beyond which no ap- 
preciable increase in the oxidation rate 
is obtained represents the requirement. 
A waste is seldom completely devoid of 
these nutritional elements, but usually 
contains a certain amount of nitrogen 
and phosphorus. It is, therefore, a 
question of determining how much 
more must be artificially added to ob- 
tain optimum oxidation. If the estab- 
lished ratio of 20 to 1 is used, it be- 
comes necessary for economic reasons 
to determine the nitrogen and phos- 
phorus content of the original waste 
and supplement them by artificial ad- 
ditions. This procedure is more labori- 
ous and, in some cases, may be mis- 
leading. For instance, taking 
account of the nitrogen content of the 
original waste, should the ammonia 
nitrogen be taken into consideration or 
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the total organic nitrogen? If the lat- 
ter is used the question arises whether 
the organie nitrogen can be rendered 
available sufficiently rapidly for as- 
similation by bacteria. The use of the 
direct method eliminated all these un- 
certainties, as the requirements are not 
determined by chemical analysis or cal- 
culation, but under actual experimental 
conditions of oxidation. 

The question of the effect of sub- 
strate concentration on oxidations has 
been approached in various ways. The 
oxygen demands of eight domestic sew- 
ages were determined by the standard 
dilution method and those of the un- 
diluted sewages by the direct method. 
The results show that the oxygen de- 
mands of the undiluted sewages were 
somewhat higher when determined by 
the direct method than those obtained 
by the standard dilution method. This 
is true of both the 5-day demands and 
the L values obtained from the daily 
observations up to 5 days. The average 
k values as obtained by the two meth- 
(standard dilution and _ direct 
method) were identical. The higher 
oxygen demand values obtained were 
greater than the experimental precision 
for the two methods. The differences 
in the oxygen demand values with the 
standard dilution and direct methods 
may be attributed to (a) differences 
in the conditions under which the two 
methods operate, or (b) actual differ- 
ences due to the substrate concentra- 
tion. That the differences in the test 
conditions of the two methods are not 
responsible for the higher oxygen de- 
mands observed is shown by the oxygen 
demand values obtained by the direct 
method with various dilutions of sew- 
ages (Table VI). A progressively in- 
creasing oxygen demand was exerted 
with increasing concentration of sewage 
from 10 to 100 per cent by the direct 
method, and the values obtained from 
the lower concentration compared 
favorably with those obtained by the 
standard dilution method. In contrast 
with these results, variations in the di- 
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lution of spent sulfite liquor from 1:20 
to 1:2 had little effect on the oxygen 
demand exerted when seeded with 
adapted seed. It might be suggested 
that the discrepancy may be the result 
of dilution of sewage by reduction of 
food concentration and number of or- 
ganisms, thereby affecting the rate of 
oxidation. 

The effect of seeding was studied 
from the following standpoints: (1) 
origin of the sewage used for seed, (2) 
volume of seed, and (3) the effect of 
adaptation of seed. The studies were 
based on the oxygen utilization as meas- 
ured by the direct methods. Oxygen 
utilization of 1,000 p.p.m. dextrose pep- 
tone substrate when seeded with a 
given volume of domestic sewage ob- 
tained from different sources, showed 
only slight variations during a 5-day 
period, but increasing the volume of 
sewage seed increased the oxygen de- 
mand with increasing volumes. The 
effect of volume is more pro- 
nounced with shorter periods of ineuba- 
tion than with longer periods. It ap- 
pears that with a 5-day incubation 
period a minimum volume,of sewage 
seed of 4 to 6 per cent is required, 
above which there is no relationship 
between the volume of seed and the 
measured oxygen utilization. 

The effect of various volumes of sew- 
age seed on the oxygen demand of 6 
different types of industrial wastes is 
manifested by different responses. 
Certain wastes, such as slaughterhouse, 
board mill white water, and spent 
yeast broth, can be oxidized as readily 
without seeding as with large volumes 
of seed. With these wastes, equally 
high oxygen demand values are ob- 
tained with no seeding, or with very 
low seeding volumes, irrespective of the 
period of incubation. Others, such as 
antibiotic and candied fruit wastes, 
show little oxidation without seeding, 
and the oxidation increases to a maxi- 
mum with increasing seed volume up 
to a certain maximum. These differ- 
ent responses can be attributed to the 
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degree of bacterial contamination of 
the original wastes. 

The adaptation of the seed plays an 
important role in the oxidation of in- 
dustrial wastes. Two somewhat related 
aspects of adaptation can be recognized. 
The first pertains to the adaptation of 
seed to organic wastes with toxic prop- 
erties; the second, to organic wastes 
without toxic properties. The differ- 
ences in the response to adaptation be- 
tween these two types of waste are 
quantitative and not qualitative. 
Toxic organic materials with an un- 
adapted seed will manifest at first a 
greater lag and the response to adapta- 
tion will be greater than with a non- 
toxie waste. Adaptation will permit 
the oxidation of greater concentrations 
of the toxic material than would have 
been possible with the initial un- 
adapted seed, but eventually a concen- 
tration level will be reached beyond 
which the material cannot be oxidized 
with adapted seed. The principles 
underlying the process of adaptation, 
as well as the factors influencing the 
oxidation of industrial wastes, were 
previously discussed by Heukelekian 
(10). The present work confirms and 
illustrates these principles. The ex- 
perimental work dealing with the effect 
of seed adaptation on the oxidation of 
phenol illustrates what might be ac- 
complished in developing a micro-flora 
capable of oxidizing a toxic substance 
and indicates the maximum concentra- 
tion limits. In an earlier publication 
(9) it was shown that as the concen- 
tration of phenol added to sewage was 
increased there was an increased lag 
period, which was most pronounced at 
1,000 p.p.m. phenol concentration. In 
the present study similar results were 
obtained. With unadapted sewage seed 
and 500 p.p.m. phenol a lag period of 
3 to 4 days was obtained; with 1,000 
p.p.m. phenol the initial lag period was 
9 days. On successive transfers the 
lag period was greatly reduced, until 
with 500 p.p.m. phenol there was no lag 
evident after the second transfer and 
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with 1,000 p.p.m. none after the third 
transfer. With successive increases in 
the concentration of phenol using 
adapted seed, 80 per cent oxidation of 
2,000 p.p.m. of phenol was obtained in 
4 days. Similar results were obtained 
(7) in the oxidation of formaldehyde. 
Ettinger and Ruchhoft (4) obtained 
similar effects of adaptation on the oxi- 
dation of phenol, but at much lower 
concentrations of phenol (1 p.p.m.) 

The results for the oxidation of 
ethyl acetate with and without adapted 
seed illustrate the influence of seed 
adaptation on the oxidation of a non- 
toxic compound. In this case the in- 
fluence of adaptation was most pro- 
nounced with short periods of incuba- 
tion, but even with adapted seed only 
partial oxidation was obtained in 1 day 
as compared with the oxidation ob- 
tained with or without adapted seed 
in 4 days. 

Regarding the oxidation of wastes 
by the use of properly adapted seed, it 
is noted that the oxidation of certain 
wastes, as exemplified by sulfite liquor 
and rope cook liquor, is greatly in- 
creased by the use of adapted seed and 
that there is an optimum volume of 
adapted seed beyond which no addi- 
tional benefit is derived. 

The phase of the work dealing with 
the effect of origin and volume of 
adapted and unadapted seed illustrates 
again the value of the direct methods 
for evaluating the influence of these 
factors on the oxidation of industrial 
wastes. It constitutes the preliminary 
phase of a study to establish the feasi- 
bility of treatment by biological oxida- 
tion methods and the conditions neces- 
sary to obtain maximum rates of oxida- 
tion. 


Summary and Conclusions 


With the use of the direct methods 
of oxygen utilization, the influence of 
various factors—such as pH value; nu- 
tritional deficiency and requirement; 
substrate concentration; and origin, 
volume, and character of seed—on the 
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oxidation of a number of industrial 
wastes has been studied. The results 
warrant the following conclusions : 


1. Adjustment of initial pH value 
between 6 and 8 prevents the initial 
pH from affecting the oxidativii. There 
is considerable range of optimum pH 
values. For some wastes this range is 
wider than for others; for some it is 
more to the alkaline side, whereas for 
others it is on the acid side of neutral- 
ity. The effect of pH is more pro- 
nounced and the range more restricted 
during shorter periods of incubation. 
The pH values tend to gravitate toward 
the neutral point from both the acid 
and alkaline sides. In poorly buffered 
wastes the tendency is toward the acid 
side, especially when acid intermediate 
products are pronounced. 

2. To prevent nitrogen deficiency 
from limiting the rate and extent of 
oxidation of wastes, nitrogen readily 
available to microorganisms must be 
added to satisfy a B.O.D.:N ratio be- 
tween 17:1 and 22:1. 

3. The reaction velocity constant, k, 
for the oxidation of settled sewage is 
the same for the standard dilution and 
direct methods. 

4. The oxygen demand values ob- 
tained by the direct method for sewage 
and wastes are somewhat higher than 
for the standard dilution method, the 
increase being caused apparently by 
the higher concentration of organic 
matter present when the direct method 
is used. 

5. The origin of sewage (domestic) 
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used for seeding a dextrose peptone 
substrate had a minor influence on the 
rate of oxidation. 

6. The oxidation of wastes (such as 
slaughterhouse, board mill white water, 
and spent yeast broth) which contain 
large numbers of organisms is not af- 
fected by variations in. sewage seed vol- 
ume and origin. With other wastes 
(antibiotic and especially candied fruit 
wastes) little oxidation is obtained 
without seeding. 

7. Where the rate of oxidation of a 
waste is affected by the volume of sew- 
age used as seed, this effect is most 
pronounced at the outset and is re- 
duced or eliminated with further incu- 
bation. 

8. By adaptation, a seed material is 
produced that can readily oxidize phe- 
nol concentrations as high as 2,000 
p.p.m. With unadapted seed prolonged 
initial lag periods occur, which increase 
with the concentration of phenol. 

9. The initial rate of oxidation of 
ethyl acetate, waste sulfite liquor, and 
rope cook liquor is inereased by an 
increase in sewage seed or adapted seed 
volume, the effect being minimized with 
increased periods of incubation. 

10. Waste sulfite liquor and rope 
cook liquor are non-toxic and are 
amenable to biological treatment. 
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SUMMARY REPORTS ON RARITAN POLLUTION 


In two recently published summary 
reports on the Raritan River, the Mid- 
dlesex County (N. J.) Sewerage Au- 
thority has made available the results 
of investigations undertaken for it on 
the extent and abatement of pollution 
of the river, its tributaries, and Raritan 
Bay. 

One of the reports, by Willem Ru- 
dolfs, chairman, Department of Sanita- 
tion, Rutgers University, and Alfred H. 
Fletcher, director, Division of Environ- 
mental Sanitation, New Jersey State 
Department of Health, deals with the 
status of pollution of the Raritan River 
and Bay and the effect of discharging 
into the Bay treated mixed effluents 
from a single large treatment plant. 
The general conclusions reached by the 
report are as follows: 


1. Gross pollution of the Raritan 
increases progressively downstream, 
reaching the maximum below New 
Brunswick. Cross pollution in the 
South River (a tributary) is greater 
than anywhere in the Raritan. 


2. Bacterial pollution of Raritan Bay 


is relatively high, originating primarily 
in the Raritan River, although Arthur 


Kill has a deleterious effect on the bay 
waters. 

3. Nearly all municipal and indus- 
trial effluents do not meet present re- 
quirements and certainly not future 
requirements. 

4. Collection of all effluents, treat- 
ment in a single plant, and discharge 
about 2 mi. out in the bay would elim- 
inate pollution of the river and its 
tributaries, improve bay-water condi- 
tions at beaches and shellfish areas in 
the upper bay, and not noticeably af- 
fect the volume or the salt concentra- 
tion of the river water. 

The second report, by Metcalf & 
Eddy and Elson T. Killam, consulting 
engineers to the Authority, estimates 
the initial cost of a proposed trunk 
sewer, treatment plant, and bay out- 
fall as $30,000,000, with an annual 
operating cost of $1,400,000 during the 
first five years. Financing of the proj- 
ect would be by revenue bonds secured 
by a service charge based on an equit- 
able formula. It is estimated that in- 


dustry would pay about 65 per cent 
and municipalities about 35 per cent 
of the total annual cost. 
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THE OPERATOR’S CORNER 


ConpucTEep By HerBert P. ORLAND 


GET IN THE SCRAP! 


Aimed to help increase the current 
dangerously low iron and steel scrap 
inventories in U. S. steel mills, the Na- 
tional Production Authority has dis- 
tributed a booklet, ‘‘Scrap for Steel 
Mills and Foundries for Defense,’’ to 
more than 200,000 executives of busi- 
ness, industry, and trade associations. 
In a foreword to the booklet, DPA Ad- 
ministrator Manly Fleischmann says, 
**T don’t believe we are confronted with 
a more critical problem than the iron 
and steel scrap recovery program.’’ 

The booklet emphasizes that record- 
breaking steel production and large- 
seale expansion of production capacity 
has reduced scrap inventories of mills 
and foundries to a new all-time low. 
If the nation is to achieve its 1951 goal 
of 110,000,000 tons of steel ingots and 
castings, 36,000,000 tons of purchased 
heavy industrial scrap must be found. 

The main effort in getting the scrap 
to the places where it will do some good 
is directed at getting ‘‘dormant’’ scrap 


—obsolete machinery and equipment, 
tools, jigs, dies, and fixtures, including 
items that are broken, worn beyond re- 
pair, dismantled, abandoned, or in need 
of parts no longer obtainable—into nor- 


mal channels of scrap return. Besides 
emergency inspection and inventory of 
all heavy steel, it is extremely impor- 
tant that every plant, large and small, 
appoint someone with authority to 


clean out dormant scrap and to be re- 
sponsible for the scrap collection on 
a continuous good-housekeeping job. 
Large plants should have a salvage com- 
mittee with authority to make decisions. 
Among the functions of such a com- 
mittee would be to search all plants 
and properties for dormant scrap, sur- 
vey potential wrecking and dismantling 
projects that will produce scrap, and 
make disposition of all production and 
dormant scrap as quickly as possible. 

Putting scrap collection on a house- 
keeping basis, besides increasing the 
supply of iron and steep scrap, will 
provide a chance for inventory write- 
off, improve safety conditions, clear val- 
uable space, and possibly reduce in- 
surance rates. It is suggested that an 
organized permanent salvage program 
be made a top-management responsi- 
bility. To us, this makes extremely 
good sense, not only for industrial 
management, but also for the manage- 
ment of sewage and industrial wastes 
plants. 

Serap prices are regulated and con- 
trolled by the Office of Price Stabiliza- 
tion. Therefore, sale of your scrap 
through normal scrap dealer channels 
is on a standard basis. 

Your plant may be hiding a potential 
plate for a ship, a complete car, or 
several shells and bombs. Let’s get the 
scrap into the serap! 


P.O. 
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WINTER MAINTENANCE * 
By D. L. McLean 


Superintendent, Greater Winnipeg Sanitary District, Winnipeg, Man., Canada 


Although winter maintenance has ob- 
vious disadvantages, these disadvan- 
tages can be overcome or considerably 
reduced by proper attention to the se- 
lection and use of equipment, materials, 
and methods. In fact, there are many 
instances where winter maintenance, 
through some peculiar circumstance or 
condition, may have advantages. 


Reduction and Elimination of 
Disadvantages 


The disadvantages of winter main- 
tenance are caused by frost or cold, 
snow, ice, and condensation. Equip- 
ment, materials, and methods of over- 
coming or reducing the disadvantages 
imposed by winter include the follow- 


ing: 


1. Machines, trucks, cars and other 
equipment can be winterized by oils or 
grease to meet local winter tempera- 
tures. 

2. Where frozen ground must be ex- 
cavated, the frost can be broken by fire. 
For example, a 6-in. thick slab con- 
taining 3 cu. yd. of concrete had to be 
poured on ground frozen to a depth of 
2 ft.; 6,000 of Souris slack, 4 bales of 
straw, and 4 gal. of naptha were used 
to thaw out the ground and provide 
clay on which the 6-in. slab was poured. 
The slab was then covered by a tarpau- 
lin and 6 in. or more of horse manure. 
The air compressor and jackhammer 
are also used on many excavations of 
narrow width. For larger excavations, 
frost breakers consisting of 3-ton metal 
hammers dropped by dragline or crane 
do effective work. 

3. Snow fences and plows keep roads 
open, but a small blower attached to the 
power take-off of a small tractor is a 


* Presented at Sewage Works Operators’ 
School, University of Minnesota; Minneapolis, 
Minn.; March 15-17, 1951. 


valuable aid around a plant. It throws 
the snow some 30 or 40 ft. away from 
the road and leaves the snow adjacent 
to the roads at the same level as the 
snow on the level, instead of banked up 
by the plow. 

4. Ice will form or collect on the 
clarifiers, in the gas seals on the di- 
gesters, in the gas lines, in the air vents 
to pump sumps, in water lines to 
pumps, and in sludge cars. Heat will 
cure most of these ills, but when this 
is not available the scum on the clari- 
fier should be kept to a minimum by 
keeping down the depth of sludge in the 
clarifier. Gas lines can be freed of ice 
by putting an ice-thawing transformer 
and copper cable to the gas line. Steam 
from a portable steamer is also useful 
for gas lines and frozen seal pans. 
Anti-freeze is only good for a time in 
keeping seal pans from freezing, as the 
condensation dilutes it. Salt is used to 
keep the vent pipe open in the coldest 
spells of winter at some of the District’s 
small pumping stations. Insulation is 
generally the cheapest protection for 
water lines that freeze. 

One example of winter troubles is the 
case history of exposed gas lines on the 
roof of the four digesters at Winnipeg. 
These lines were put outside to keep 
the plant free from the hazards of gas 
explosions from leaky gas pipes. They 
were installed with three thicknesses of 
standard felt insulation. These gas 
lines froze solid, filled completely with 
ice. The first winter a portable steam 
boiler belonging to the city was used to 
thaw them out whenever they froze. 
Next, a large copper cable was run from 
a low-voltage, high-amperage thawing 
transformer to the gas dome of each 
digester and this kept the gas lines 
clear. The insulation was doubled in 
thickness and special insulation was 
placed at bends when the thawing 
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transformer was returned after a year’s 
loan. This still did not free the gas 
lines of freezing in the coldest weather. 
The main gas feeder was placed inside 
the buildings and the feeders of each 
digester were left on the roof. The 
heavy: insulation, with the larger gas 
flows in the two primary digesters, gave 
protection against most weather, but in 
extremes of —40° F. with strong winds 
fora protracted period, freezing of thin 
snow-like webs would cause stoppage 
of these gas lines. However, a portable 
steam boiler gave enough heat to free 
the lines. 

The two lines from the secondary di- 
gesters continued to give trouble and a 
trial was made of a heating cable simi- 
lar to that used in hotbeds. Condensa- 
tion on the cable or its points of control 
caused a short circuit, which ignited the 
felt insulation and a wooden housing 
filled with flax straw. This produced 
a spectacular fire on the digester roof 
in the early morning that was put out 
by Watch Engineer Schultz, who was 
well aware of the danger of the gas ex- 
ploding. Arrangements had been made 
10 years before to have the Gas Rescue 
Squad car of the Winnipeg Fire De- 
partment come out when called. <A 
call brought out a standard fire truck 
and as there are no city fire hydrants at 
the plant, the firemen were not able to 
help. These outside gas lines are to be 
put inside under the digester roof when 
the plant is extended and this should 
eliminate these gas line troubles. 

5. In a number of secondary sewage 
pumping stations the condensation on 
the walls, conduits, and electrical 
switches and equipment caused many 
troubles. Installing a 1/4-h.p. motor- 
driven fan with galvanized air ducts to 
bring in cold air and take out the moist 
air resulted in keeping stations dry. 
The only danger is that of reducing the 
temperature below freezing. However, 
by installing thermometers the opera- 
tors visiting these automatic stations 
adjust the blowers to do away with con- 
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densation without freezing gland water 
lines. 

When condensation makes sleet ac- 
cumulate on the power lines, short 
lengths of line can easily be kept clear 
of ice with a shotgun. This, of course, 
is not recommended for city practice. 

The question of condensation should 
not be left without relating an experi- 
ence on the condensate traps and lines 
collecting the water from the gas lines 
in cold weather. Inquiries concerning 
an explosion in a well-known plant 
elicited advice to check on the conden- 
sate lines from gas lines. I was hor- 
rified to find that although we had ball 
float traps, siphons, and condensate 
lines that looked safe, if a minute piece 
of dirt got under the ball float, the 
water would siphon off and the gas 
would escape. This actually happened 
while the mechanic and I were checking 
over one of these drip collectors. This 
weakness was remedied by putting in 
double air-breaks and a visible float 
that would indicate if the line plugged. 
This precaution has probably saved the 
Greater Winnipeg Sanitary District 
thousand of dollars from gas explosion 
damage. 


At this point it might be mentioned 
that Canadian plants are subjected to 
two great dangers with which plants in 
the United States are not troubled. 
Reference is made to the American con- 
sulting engineer and the big American 
equipment and supply companies, who 
have grown used to the humid warm- 
air conditions of the south and who 
design and produce products unfit for 
colder climates. This is mentioned only 
in sadness as a great American sales 
vift that often gives Canadian plants 
unnecessary winter troubles. 


Advantages of Winter Maintenance 


It has been mentioned that winter 
maintenance may have advantages. 
Some examples of what is meant are as 
follows: 


1. By using staff that is required to 
give vacations and holidays, to do main- 
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tenance that can be carried over until 
wintertime, more continuity of em- 
ployment is given. 

2. Repairs to sewers and pipes in 
river beds or near river banks can 
usually be done more cheaply in the low 
water of winter. 

3. In sections of the plants where 
painting or insulating cannot be done, 
due to humidity of the air conden- 
sation on the walls, the dry air of the 
cold spells provides a period when 
maintenance can be done best and most 
economically in winter. 

4. Inspection of collection sewers and 
sewer maintenance work can often be 
done best in winter. 

5. An example of the use of winter- 
time is the repair of the damage done 
by the summer and fall condensation 
from a 16,000-gal. water tank, which 
destroyed the beautiful ceiling of the 
entrance hall of the main building at 
the Winnipeg sewage treatment plant. 
This steel tank rested on five thick- 
nesses of asphalt-impregnated insulat- 
ing felt. A foot of conerete and an 
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air space also separated the cold tank 
from the entrance hall ceiling. The 
felt finally became saturated and mois- 
ture got into the concrete. The water 
supplied to the tank from a deep well 
was at a constant temperature of 44°F. 
This cold, on humid days during June, 
July, August, and September, caused 
condensation to drip on the plaster 
and destroy it. 

The trouble was finally cured in the 
dry period of early winter by raising 
the tank and supporting it on 6-in. H- 
beams at 2-ft. centers. The space under 
the tank was filled with rock wool. 
The outside of the circular tank was 
insulated with 1-in. thick asbestos 
blocks held with 1/2-in. galvanized in- 
sulating steel tape covered by two coats 
of asbestos cement and a heavy coat of 
Ever Jet paint. This vapor seal was 
extended to the concrete floor and is 
one of the essentials of the repair. 
The work eliminated the condensation 
and permitted the entrance hall ceil- 
ing to be restored satisfactorily. 


EFFECTS OF CHEMICAL INDUSTRY WASTES— 
NIAGARA FALLS, N. Y., SEWAGE TREATMENT 
PLANT 


By Epwarp J. Samira 


Superintendent, Sewage Treatment Plant, Niagara Falls, N. Y. 


There are very few cities in the 
United States confronted with the in- 
dustrial waste problems which exist at 
Niagara Falls, N. Y. 

Situated along the upper Niagara 
River are many chemical manufactur- 
ing industries. These plants are in a 
position to pump raw water directly 
from the river for process and cooling 
purposes. At present they are pump- 
ing at a rate of 130 m.g.d., discharging 


* Presented at 1951 Joint Meeting, New 
York Sewage and Industrial Wastes Assn. 
and New England Sewage Works Assn.; 
Springfield, Mass.; June 7-8, 1951. 


60 m.g.d. back into the sanitary system. 
Not only is the sewage works con- 
fronted with the handling of raw water 
which should be discharged back into 
the river, but it also is plagued with 
a large number and quantity of the 
chemicals available commercially, in- 
cluding halogenated aromatie and ali- 
phatie compounds, synthetic resins, 
sulfides, chlorine, phosphorus, and the 
chemicals used in their manufacture. 
When the sewage plant was designed, 
the city realized that facilities must 
be constructed which would provide in- 
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dustries with an outlet for their unpol- 
luted industrial waste. Therefore, the 
city designed and constructed inter- 
cepting sewers and a diversion sewer to 
collect industrial cooling and process 
waters and all chemical waste that 
could be neutralized and discharged 
back into the Niagara River without 
treatment. 

Studies made in 1933 showed an aver- 
age dry weather flow in the existing 
sewers of 60 m.g.d. This flow included 
40 m.g.d. from the industries, of which 
30 m.g.d. was unpolluted cooling and 
process waters and could be discharged 
directly into the diversion sewer with- 
out treatment. The combined sanitary 
and industrial flow requiring treatment 
amounted to 30 m.g.d. 


Sewer Odors and Explosion Hazard 


Of the average &88-m.g.d. flow enter- 
ing the Niagara Falls sewage treatment 
plant in 1950, approximately 85 per 
cent was of industrial origin. The 
largest portion of this industrial flow 
is uncontaminated cooling water. How- 
ever, due to the lack of cooperative 
effort on the part of most of the local 
industries in the matter of waste dis- 
posal, quantities of industrial organic 
wastes get into the sewage system to 
complicate the problem of proper treat- 
ment. At times this waste contamina- 
tion has reached 250,000 p.p.m. in the 
liquid effluent from one factory. As 
would be expected, such concentrations 
of odorous organic chemicals com- 
pletely mask any odor that might be 
present from domestic sewage. At 
times sufficient quantities of volatile 
and readily combustible organic chemi- 
cals have been present to supply the 
ingredients for an explosion. Only an 
igniter was needed. 


Screening Problem 
The Niagara Falls sewage plant is a 
primary treatment plant, having six 
fine dise screens with 1/32-in. openings, 
and is capable of filtering 90 m.g.d. 
under normal conditions. However, the 
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heavy discharges of resinal products 
and of various types of plastics and 
grease-like materials from the industrial 
plants plug up the fine screens and re- 
duce their capacity to the extent that 
it sometimes is impossible to filter the 
entire flow. When this occurs, which 
is frequently, it is necessary to shut 
down one screen at a time and knife, 
scrape, and steam out the openings 
before placing the screen back in op- 
eration. 

There are two factors regarding in- 
dustrial waste that contribute greatly 
to disrupting normal operation: 


1. Chemical wastes that are not sol- 
uble in water, and waste having a high 
chlorine demand. 

2. Chemical gases that are physically 
soluble in water in small percentages, 
but are readily released by any turbu- 
lence. 


The turbulence due to the many ab- 
rupt drops in level as the sewer sys- 
tem approaches the treatment plant 
cause dissolved organic vapor to be 
released from solution. These vapors 
travel throughout the system independ- 
ently of the direction of flow of the 
sewage itself, creating a nuisance to 
residents throughout the city from the 
standpoint of odors and causing de- 
terioration of the sewer walls by their 
corrosive action. 


Plant Ventilation 


Many of the gaseous chemical ma- 
terials still present in the influent to 
the treatment plant are released by 
numerous drops in level within the 
plant. Although these drops are kept 
to a minimum, sufficient quantities of 
released vapors are usually present to 
be detectable by odor. At times enough 
vapor of a lachrymatory nature, usu- 
ally chlorinated aromatics, is present 
to cause extreme discomfort among the 
operating personnel, as well as a serious 
corrosive action on all exposed metal 
surfaces. A total plant ventilating ca- 
pacity of 120,000 ¢e.f.m. is not suffi- 
cient to alleviate this condition. 
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Chlorine and Chlorine Demand 


The plant records show a yearly aver- 
age of free chlorine in the influent to 
the treatment plant to the extent of 
2.5 p.p.m. Free chlorine in.the amount 
of 300 p.p.m. or more occasionally oc- 
curs in the influent, 800 p.p.m. being 
the record concentration to date. On 
the other hand, there are occasions 
when the chemicals in the flow exert a 
chlorine demand. A value between 100 
and 200 p.p.m. is not uncommon. The 
B.O.D. figures, although unusually con- 
sistent for such a variable sewage, are, 
for practical purposes, devoid of any 
real meaning, as the chemicals in the 
sewage frequently act as disinfectants. 
The average B.O.D. is about 54 p.p.m. 
in the influent and 52 p.p.m. in the 
effluent. 


Color 


Highly-colored substances of unde- 
termined origin and not removable by 
treatment are often present in the plant 
influent. The consequent color effects 
on the river directly in front of the 
plant, which might be pleasing in other 
circumstances, are extremely disturbing 
when associated with a sewage treat- 
ment plant. 

Many conferences were held with 
local industries in an effort to have 
them treat or neutralize their wastes 
before discharge into the sewage sys- 
tem. Little came of these conferences, 
as no plant would admit discharging 
objectionable chemical waste into the 
city sewers. 


Sampling Program 

In 1949, when the International Joint 
Commission on Pollution of Interna- 
tional Boundary Waters became inter- 
ested in the Niagara River, the indus- 
tries started slowly to put their plants 
in order, or at least began to look into 
the industrial problem to see where they 
stood with the International Joint Com- 
mission. But because most of them dis- 
charge their waste into the city sewer 
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system, they took the attitude that it 
was the city’s problem, not theirs. 

The Air Pollution Control Depart- 
ment of the city of Niagara Falls, since 
its conception in 1947, has applied it- 
self to the task of reducing industrial 
pollution in the sewers, primarily be- 
cause, once these organic gases are re- 
leased from the sewage, the problem be- 
comes an air pollution problem. To ac- 
complish this it was necessary to fix 
responsibility for pollution on the spe- 
cific industries. Various techniques for 
sampling to determine the chemicals in 
the sewage and the company responsible 
were tried and discarded. This paper 
does »t mention the specific chemicals 
colle:‘ed and identified, because it is 
felt i) the problem is essentially 
local its solution would not be 
hastene:i by provoking the wrath of the: 
local industries by incriminating them 
individually before persons unfamiliar 
with the local situation, but the pro- 
cedures described would be generally 
applicable to most organic chemical 
wastes present in sewage. 

Among the sampling techniques 
tried was the ether extraction of liquid 
samples at the plant. This did not 
prove satisfactory because rapid 
changes in the character of the indus- 
trial wastes made it impossible to ob- 
tain two samples alike over a neces- 
sarily long period of time. It was also 
an extremely tedious and time-consum- 
ing method. In addition, ether is suffi- 
ciently soluble in water to make such a 
technique rather costly, especially in 
view of the number of extractions that 
would be necessary. 

Finally, the liquefaction of the sewer 
gases utilizing moderately high pres- 
sures and low temperatures was tried. 
Sewer gases, pulled up through a sam- 
pling line in a manhole at the rate of 
4 cu. ft. per min., were precooled to re- 
move entrained moisture, metered, com- 
pressed at approximately 100 lb. per 
sq. in. in an electrically-driven com- 
pressor, and sent to copper cooling coils 
packed in dry ice, where they con- 
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densed and collected. Because of the 
greater efficiency and the simplicity 
and directness of this method, in com- 
parison to the other methods attempted, 
it was selected as the best technique 
from a practical viewpoint. It also 
enabled the concentrations of the gases 
to be more accurately determined. The 
amount of sample collected using this 
procedure would vary with the con- 
centration of the gas in the sewers. In 
Niagara Falls, samples of about 100 c.c. 
(approximately 0.25 lb.) were collected 
from 18,000 eu. ft. of sewer gas. 


Sample Analysis 


Samples thus obtained during 1950 
are undergoing examination and an- 
alysis. The problems associated with 
the separation of a complex mixture of 
organie chemicals having many of the 
same physical and chemical characteris- 
tics are numerous and difficult. 
rations by differences in solubilities, 
boiling points, freezing points, and 
chemical reactivity have been attempted 
and all these techniques have been ap- 
plied separately to parts of the sample 
in order to facilitate separation. 

It has been possible to separate ali- 
phatic and aromatic compounds using 
acetonitrile as a chemical solvent for 
the aromatic components. These aro- 
matics have been subjected to fractional 
distillation. It was found that the ordi- 
nary distillation column commonly 
found in the laboratory was not capable 
of cleanly separating fractions, even 
when well-insulated and when using 
fine heat control. Columns of various 
length and design, packed and un- 
packed, and with or without heat sup- 
plied to the column itself, were unsuc- 
cessful. It was finally decided that 
heat losses in the column were primar- 
ily responsible for the poor operation 
of the column; to overcome this draw- 
back an elaborate vacuum-jacketed 
Podbielniak column was purchased. 
This column has more sensitive heat 
control on the still-pot through the 
use of an electric mantle heater and 
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has a thermocouple and potentiometer 
for measuring the temperature of the 
take-off vapor. 

Some fractions have been separated 
and identified using this equipment, 
but there are still many obstructions 
to analysis of the complete sample. Ex- 
amples of these difficulties include the 
formation of azeotropic mixtures and 
thermal decomposition of some of the 
sample in which hydrogen chloride 
from some of the highly chlorinated 
aromatics splits off, disrupting the dis- 
tillation and damaging the equipment 
by its corrosive action. 

When these obstructions have been 
removed and it is possible to pin-point 
the responsibility for specific wastes, 
the solution to the Niagara Falls pol- 
lution problems will be in the coopera- 
tive efforts of the industries and the 
municipal authorities. 


Example of Industrial Cooperation 


To illustrate how industrial wastes 
can be eliminated from the sewage sys- 
tem, the efforts ~f one large local in- 
dustry to prevent overloading of the 
Niagara Falls sewer system are cited. 
The Electro Metallurgical Company, a 
division of Union Carbide and Carbon 
Corporation, is building a complete 
waste water disposal plant of its own. 
Now partially in operation, the dis- 
posal system collects fluids from Elec- 
tromet’s furnaces, concentrators, and 
fume- and dust-collecting systems. 

These fluids pass through a network 
of underground lines to pumping sta- 
tions and a chlorinator located on the 
plant grounds. The pumping stations 
force the fluids through an 18-in. pipe 
line, 5,600 ft. in length, to Electromet’s 
refuse property. Here a Dorr-type 
thickener makes a separation between 
the fluids and solids. 

The overflow from the thickener is 
clear treated water, which is routed 
through a storm sewer to the upper 
Niagara River. The company uses this 
storm sewer with the city’s permission. 
The underflow from the thickener, con- 
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sisting of the solids that were entrapped 
in the water, is pumped to drying beds 
located on the refuse property. 

After leaving the thickener, the clear 
water cascades over an aerator—a se- 
ries of wooden steps. This fall restores 
the oxygen to the water. Electromet’s 
aerator (or aerating ladder) is modelled 
after the aerating ladders used by 
many fish hatcheries. The thickener 
and aerator are now processing fluids 
at the rate of 5.5 m.g.d. 

Actually, Electromet’s waste water 
disposal system serves a two-fold pur- 
pose. It removes the dust and fumes 
collected in the plant’s wet-type dust- 
collecting equipment and pumps the 
waste fluids to the refuse property— 
alleviating pollution of the river that 
might eventually occur if these fluids 
were placed in the city sewer system. 

The underground system connecting 
each of the collection points at Elec- 
tromet to the pumping stations consists 
of 4,000 ft. of various sized piping 8 
in. or larger in diameter. This system 
is to be added to, on a progressive basis, 
as other collection points are connected. 
At present all the waste water from 
Electromet’s three 20,000-kw. carbide 
furnaces is being collected in the sys- 
tem, as well as the waste water from 
three 12,000-kw. and four 7,500-kw. 
ferro-alloy furnaces. In July, 1951, a 
fourth 20,000-kw. carbide furnace is 
to be added to the system. 

The waste water comes from the 
scrubbers, which remove the dust from 
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carbide and ferro-alloy manufactur- 
ing operations. In years gone by, much 
of this dust escaped to the open air. 

Two pumphouses already have been 
built on the plant grounds and another 
is projected. One pumphouse contain- 
ing two 1,500-g.p.m. pumps is the focal 
point for collection of waste fluids. It 
pumps these fluids through a 16-in. 
pipeline, 3,300 ft. long, to a second 
pumping station, serving as a booster 
station for transferring all waste fluids 
by an 18-in. pipeline to the thickener 
on the refuse property. Also located 
at this pumping station is a chlorinator 
and a pit for the treatment of fluids be- 
fore they are sent out to the refuse 
property. 

Upon completion of this project, 
which was started in January, 1947, 
before the International Joint Commis- 
sion on River Pollution was set up, 
the city sewers will be used primarily 
for sanitary purposes. To date, Elec- 
tromet’s disposal system is the most 
extensive being undertaken by any Ni- 
agara Falls industry to prevent river 
pollution. 

Electromet’s engineers have worked 
with the New York State Health De- 
partment, Water Pollution Control Sec- 
tion, on the design and operation of 
this system, and render periodical re- 
ports on its operation. This body has 
praised the Niagara Falls concern for 
its efforts and cooperation in alleviat- 
ing Niagara River pollution. 


THE DAILY LOG 
Plainfield (N. J.) Joint Meeting 


By ANDREW Pater, Superintendent 


December 1—Discontinued recircula- 
tion of final effluent over sprinkling 
filters for fly control for the winter 
months. Butterfly valves, motors, and 
gear reducers were brought to the ma- 


chine shop for thorough overhaul to be 
made for spring and summer opera- 
tion. 

December 5—Inspected our 5 mi. of 
trunk-line sewer and found that boys 
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had removed one manhole cover and 
rolled it into a ditch close by. This 
cover was replaced and a modified C- 
clamp with double locknut was devised 
to hold it down. We hope it cannot be 
removed so easily again, as a heavy 
wrench will be required to open it. 
December 6—Our 1951 budget was ap- 
proved as submitted last night. It 
shows an increase in maintenance items 
over last year. The Joint Meeting 
complimented the Operating Commit- 
tee and the superintendent on the busi- 
ness-like manner in which the budget 
was prepared. 

December 10—The last three days 
have been occupied with work on put- 
ting new combs, shearbars, and teeth 
on the comminutor. This job is done 
about once every three or four years, 
depending on the amount of wear 
shown. The three bottom rows of combs 
and shearbars were found quite worn 
and were replaced. After putting the 


comminutor back in operation, the job 
was completed by making up a list of 


replacement parts to order for our 
stock. 

December 12—Regular Friday greas- 
ing and oiling program. Careful at- 
tention to this detail has saved con- 
siderable in the way of headaches and 
breakdowns. 

December 15—Unloaded two carloads 
of alum, using for the first time an elec- 
tric hoist designed by our mechanice. 
This saved considerable amount of lift- 
ing of the bags and speeded up the un- 
loading time. 

December 19—Overhaul of the No. 1 
sludge pump was completed this morn- 
ing. New bearings were necessary to 
replace the worn ones. The plunger 
also was badly worn. After metallizing 
it with spray steel 80, and grinding 
down to size, the plunger was put in 
stock. 

The metallizing 
spraying metal on pump plungers, 
erankshafts, and worn machinery 
parts), purchased about 10 years ago 
from the Metallizing Engineering Co., 


equipment (for 
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38-14 30th St., Long Island City, N. Y., 
more than paid for itself the first year 
we had it. This equipment should be 
a standard fixture in all plants where 
there is a machine shop for doing plant 
work. 

December 22—A general cleaning up 
and inspection of the pump room and 
machine shop, combined with a check 
of the supplies and tools on hand, 
showed everything in good shape and 
gave a count for inventory at the same 
time. It is surprising to note the re- 
duction in temporarily ‘‘lost’’ tools 
since one man was put in charge of all 
small tools. 

December 24—The annual Christmas 
party for the men, consisting of a 
steak dinner with all the trimmings, 
provided the usual good time for all. 
Everyone looks forward to this party 
each year. 

December 26—The valve in the end 
of primary settling tank No. 1 would 
not open. The threads on the stem were 
badly worn, so a new stem was in- 
serted and the valve was overhauled. 
December 30—Inventory of spare 
parts on hand was completed after about 
three days at it. This gave a good op- 
portunity, so orders were placed for 
pump parts to bring our stock up to 
par. Operating Committee members 
visited the plant this afternoon. They 
were well pleased with the appearance 
of the plant, also commented favorably 
on the way our spare parts stock room 
was kept. 

January 5—Painting of the new 
sludge heater room and pipe gallery 
between old and new digesters was com- 
pleted. The time and money expended 
were well worth-while. This inside 
work was carried on during a severe 
cold spell making outside work all but 
impossible. 

Because of the severe conditions en- 
countered, a representative of one of 
the large paint manufacturers was 
called in to advise on types, colors, ete. 
The ceilings were painted with an acid- 
resisting white enamel, the walls with 
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beige semi-gloss enamel, and the dado, 
trim, and windows with ‘‘horizon 
gray’’ enamel. The concrete floors were 
painted with ‘‘dark stone.’’ All piping 
was colored the same as adjacent walls 
or ceiling, with identification striping 
every 10 ft. Needless to say, this 
painting really brightens up the pipe 
gallery and sludge conditioning build- 
ing. 

January 6—A check on the amount 
of sludge in the eight digesters showed 
an abundance of sludge to dry, so it 
was decided to run the spray drier 24 
hr. per day for one week to get caught 
up on the digested sludge. The reason 
for the accumulation of sludge was the 
shutdown of the drier over the Christ- 
mas and New Year holidays. 

January 8—Mechanics checked and 
overhauled the effluent recirculating 
mechanism, getting it ready for spring 
and summer operation. 

January 12—Data showed 4,800 cu. 
ft. of 84 per cent moisture sludge being 
dried every 24 hr. during the last few 
days. 

January 13—The 


sludge collector 
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chains in one of the primary settling 
tanks broke this afternoon. Looked up 
how long they have been in service 
and found that they were installed in 
1934. After emptying the primary set- 
tling tank and cleaning it out, the old 
chains were cut up and removed. New 
chain from stock on hand permitted 
putting the primary tank back in short 
order. 

January 16—The sludge spray drier 
was put back on normal operation. 
January 22—Called the chain manu- 
facturer this morning to get prices and 
approximate delivery date. Ordered 
the chain so that our stock would be 
brought back to where it should be. 
January 26—The annual overhaul and 
painting of the chlorinator at the final 
settling tank was completed. A test 
run showed it to be in perfect order for 
anticipated use. 

|Note——The Plainfield Joint Meeting 
plant apparently makes good use of in- 
clement winter weather to carry on 
considerable maintenance on machinery 
and plant interiors, as suggested in an- 
other article in this ‘‘Corner.’’—Ed.] 


PHENOL WASTES UPSET DIGESTERS AT 
HARTFORD, CONN.* 


By GeorGce LEBETKIN 


Chemist, Sewage Treatment Plant, Hartford, Conn. 


On the evening shift of January 1, 
1951, ereosote-phenolic odors were 
noted by the night shift operator in the 
rack house at the Hartford, Conn., sew- 
age treatment plant. There was no 
unusual appearance upon the sewage 
surface and these odors were dismissed 
as one of many connected with sewage 

* Presented at 1951 Joint Meeting, New 
York Sewage and Industrial Wastes Assn. 
and New England Sewage Works Assn.; 
Springfield, Mass.; June 7-8, 1951. The ma- 
terial was taken from a report in the indus- 
trial waste file of the Bureau of Public Works, 


Hartford (Conn.) Metropolitan District, dated 
February 13, 1951. 


treatment. On February 1, around 
3:30 p.m. when seven hourly raw sludge 
samples were composited, it was noted 
that each sample had the typical odor 
of creosote-phenolic tars connected with 
usual gas company wastes. Also, each 
sample had a liberal amount of darkish, 
oil-like material, which had slowly 
streaked up to the surface. These two 
observations coincided with experience 
of some years ago, when similar occur- 
rences had happened for which the local 
gas company had then admitted respon- 
sibility. 

As soon as these wastes were noted, 
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the local gas company was informed. 
On February 2, that company stated 
that possibly some waste tars from one 
of the scrubbers which was being 
cleaned may have passed into the sewer 
for 20 min., if at all. This scrubber 
cleaning was a non-routine operation. 

On February 2 and 3, every hourly 
raw sludge sample contained diminish- 
ing amounts—all, however, in signifi- 
cant concentration—of this waste. 
This could be called residual waste 
present in the sewers and sedimenta- 
tion tanks. What is most important, 
however, is that from February 2 on- 
ward, each hourly digested sludge sam- 
ple from the digestion tanks contained 
phenolic odors. On February 13, these 
odors still continued from the digesters. 
Even after the digested sludge was 
elutriated, some phenolic odor persisted 
and was also present in the filter cake. 

On February 6, tests showed that gas 
plant wastes had permeated throughout 
all four digesters. Beginning Febru- 
ary 2, digester gas began to diminish, 
slowly at first, as shown by the follow- 
ing : 


Gas Production 
(cu. ft.) 


89,700 
88,600 
71,600 
68,500 
68,000 
57,800 
Feb. 47,200 
Feb. § 25,460 


Due to the ground-water infiltration 
and poor suspended solids removal of 
this period, the raw sludge poundage 
pumped daily was low. 

By February 6, the alkalinity and 
pH of the tank contents had dropped, 
a condition due to inactivation of di- 
gestive agent by the wastes. On Febru- 
ary 12, the drop was unabated and cor- 
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rective measures were instituted re- 
quiring extra personnel and equipment. 

As gas production dropped, oil con- 
sumption for heating the digesters and 
the plant buildings increased (each 
cubic foot of gas has a heating value of 
approximately 575 B.t.u.) As gas pro- 
duction dropped, the gas boiler controls 
became difficult to adjust and at least 
three full man-days were required for 
this emergency work—all in the early 
morning hours. Each time, before the 
adjustments were made, all heat to the 
digesters and buildings was lost for pe- 
riods up to as much as 9 hr. in sub- 
zero weather. To compound the situa- 
tion, water got into the fuel oil tank. 
Until this condition was remedied the 
digesters went for a further period 
without heat. 

By the time the heavier sludge at the 
digester bottoms containing most of 
the phenol had been drawn out and the 
heating problem straightened out, gas 
production started to come back in 
part. Then the spring freshet season 
fortunately arrived, shutting down the 
plant for this yearly period. (When 
the Connecticut River is at elevation 
8 ft. or higher, the plant is by-passed. 
This condition pertains during an an- 
nual average two-month period.) 

In all fairness, it should be pointed 
out that the digestive health of the di- 
gesters was poor to begin with this 
season, due to diminishing heat trans- 
fer efficiency and to questionable di- 
gester capacity. If the digestive con- 
dition were at an average level, the 
tanks might have thrown off the phe- 
nolic poisoning effects with only a 
partial drop in gas production occur- 
ring, aS in some cases in past plant 
history. Incidentally, it should be 
noted that the phenolic wastes cleaned 
out the main sludge line to the digesters 
and the raw sludge pressure dropped 
considerably. 
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First Atomic Age Department Store 


At last the celebrated but difficult to 
obtain Geiger counter can be purchased 
as easily, and about as cheaply, as a 
wrist watch. This is made possible by 
the opening during September of the 
first retail shop for radioactive detec- 
tors at, of all places, the world’s busi- 
est corner—Fifth Avenue and 42nd 
Street, New York City. 

No longer confined to the bulky lab- 
oratory-type Geiger counter, the new 
instruments include a seore of portable 
streamlined detector types for various 
specific uses, such as prospecting, edu- 
cation, civil defense, research, and 
hobbyists. Some idea of the broad field 
covered by the manufacturers, The 
Radiac Company, is given by the catchy 
names assigned the various types. 
The names?—Sniffer, Super-Sniffer, 
Snooper, Ferret, Classmaster, Cutie 
Pie, Civion, Zeuto, and Professional ! 


Insecticide Paint Additive 


‘ 


A new ‘‘mix-with-paint”’ insecticide 
employs an entirely new scientific ap- 
proach to the universal problem of in- 
sect control. It virtually paints insects 
away in one application, for the life of 


the paint—normally 4 years. The ma- 
terial is claimed to be easily and uni- 
formly mixed with all types of interior 
and exterior paints, including oil, wa- 
ter, and dry paints, as well as white- 
wash, casein, dement, and stucco paints. 
Also, to bring certain death to all fly- 
ing, crawling, chewing, and sucking in- 
sects, yet be completely odorless and 
non-toxic to humans and _ household 
pets. 

Addition of the insecticide, accord- 
ing to the Dianol Sales Corp., Allen- 
town, Pa., does not change the normal 
characteristics of the paint and does 
not affect the color. Like the pigment, 
Dianol does not dissolve, but is sus- 
pended in the paint. This permanent 
residual quality remains active through- 
out the entire thickness of the paint 
film, as well as on the surface, and 
means certain death for all insects af- 
ter contact. Death occurs within 15 
min. to a few hours, depending on the 
insect. The material is available in 
14-lb. and 1-lb. cans, as well as in bulk 
for quantity requirements. 


Air-Borne Foam 


Although no barbershop tenors were 
heard to sing ‘‘it floats through the air 


6") 
| 
ae 
: 
ee FIGURE 1.—Froth on aeration tanks is whipped into air by light gusts of wind. ee 
we 


L576 


SEWAGE AND INDUSTRIAL WASTES 


December, 1951 


FIGURE 2.—Heavier gusts carry froth (white blots) as much as 150 ft. from tanks. 


with the greatest of ease.’’ that might 
well have been the theme of the setting 
depicted in Figures 1 and 2. The oe- 
casion was an inspection trip to the 
Etobicoke Township sewage treatment 
plant, near Toronto, Ont., during the 
1951 Annual Meeting of the Canadian 
Institute on Sewage and Sanitation, 
held in Toronto, August 20-22, 1951. 

The froth on the activated sludge 
aeration tanks was of considerable in 


terest, but the main feature was pro 


vided by a cooperative Nature when 
gusts of wind carried large gobs of the 
foam up to 150 ft. from the tanks. 
Pictorial evidence of this phenomenon 
was provided by René Cyr, assistant 
chief engineer, Dominion Ministry of 
Health, who took the pictures. Some 
idea of the size and flight pattern of 
the frothy is given by the 
white against the 
foliage. 

**Disconcerted’* would be mild 
term for the attitude felt by operators 
who had to work on the leeward side 


“Covey 


spots background 


of these tanks at a time like this, as 
was evidenced by the visitor who was 
hit on the back of the head by a large 
chunk of the ‘‘head’’ as he boarded the 
bus for the return trip! 


Cheap Absorbent 
Although meerschaum 
pipes and the old-style farm sanitary 
conveniences provided some small out- 


Missouri 


let for their use, corncobs have gener- 
ally been considered a waste product. 
In recent years, however, research has 
found industrial use for some 200,000 
tons of cobs per year and is daily 
finding new applications. 

In addition to use for the manufac- 
ture of the important chemical fur- 
fural, cobs are ground for use in soft 
vrit blasting, abrasive cleaning, polish- 
ing metals and glass, and a variety of 
other applications. Latest develop- 
ments indicate that cobs may well re- 
place corn abrasive in 
powdered skin cleansers, as well as in 


meal as an 


cake and paste soaps. 
It is the 
vround 


absorbent properties of 
together with their 
organic content, that should make them 


of interest to sewage works personnel, 


corncobs, 


particularly in the areas where corn is 
a major farm product. The manufac- 
turer of one ground corncob product 
claims that 1 Ib. will absorb approxi- 
mately 3.75 lb. of water, but that the 
cob particles have a low water-solubles 
content. 
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This opens the possibility of using 
finely ground cob as an admixture to 
help condition sludge, hasten its dry- 
ing, and make it more suitable for 
fertilizer use, in line with the experi- 
mental work on sawdust reported by 
Ullrich and Smith (THis JourNAL, 22, 
4, 567; Apr., 1950). 


Trees Anticipate Longer Life 


City trees may soon be enjoying 
longer and healthier lives. According 
to the American Publie Works Associ- 
ation, the answer to growing trees suc- 
cessfully in areas covered with pave- 
ment is not a new wonder drug, but a 
new type of porous asphalt being tried 
out in Providence, R. I. It is hoped 
this type of asphalt will prove to be a 
covering that will withstand foot traffic 
and still allow ample water to get 
through to the roots of the trees. 

The experiments deal with trees 
planted in the paved pedestrian islands 
of a parking area in Providence. The 
new porous asphalt being used as pav- 
ing allows 80 per cent of the rainfall 
to percolate into the ground over the 
whole surface of the island walks. This 
binder-course mixture of stone and 
sand combined with asphalt, obtained 
after considerable testing, allows 500 
ce. of water to go through a 5-in. ring 
of the mixture in 8.5 see. The percola- 
tion is equivalent to a rainfall of nearly 
15 in. 

The pedestrian islands which house 
the trees are ‘‘dished”* to retain wa- 
ter. Recently, when hoses were turned 
on them, not a drop of water ran over 
the curbs because it was absorbed as 
fast as it streamed onto the surface of 
the asphalt. 

Few cities have had success in plant- 
ing and growing trees in paved areas, 
because they cannot provide adequate 
open ground around the bases of the 
trees. Watering just around the trunk 
is not enough to provide the necessary 
moisture for the tree’s fingerling ends. 
It is hoped this new paving plan will 
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get to the root of the problem by pro- 
viding for pedestrian traffic as well as 
insuring adequate moisture for the 
trees. 

This brings up the interesting possi- 
bilities of reduced stormwater runoff 
and less root troubles in sewers if the 
trees can get the moisture they need 
from surface sources rather than bur- 
ied pipes. 


Anti-Rust Paint 


A new penetrating and sealing anti- 
rust paint that can be applied over 
rusted surfaces has been announced. 
Claimed to be suitable for both interior 
and exterior use, the new paint is 
reputed to be equally effective in pre- 
venting rust on new metal or stopping 
rust action on presently rusted metal. 

The manufacturer, Paint Corpora- 
tion of America, Fidelity Building, 
Cleveland 14, Ohio, advises that its 
PCA-100 can be applied right over 
rust without extensive surface prepa- 
ration such as wire brushing, scraping, 
or sandblasting. Upon application the 
paint penetrates through the rust layer 
into the base metal and seals the sur- 
face against further rusting. It is suit- 
able for either brush or spray applica- 
tion. 

PCA-100 is furnished in black only. 
Due to its penetrating characteristics, 
the manufacturer recommends it for 
use solely as a ‘‘finish’’ coat. A com- 
panion product, PCA-101, is a clear 
paint equally effective for rust preven- 
tion and can be painted over with any 
standard paint of any color. 


The Ever Faithful Few 


Program and attendance committee 
chairmen of the Federation’s member 
associations will no doubt appreciate 
the feelings entertained by the author 
of the following, gleaned from the June, 
1951, issue of Public Health (South 


Africa) : 
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When the meeting’s called to order 
And you look around the room 
You’re sure to see a chap or two 
From out the shadows gloom, 

Who are always at the meeting, 
And who stay to see it through, 
Whom you can always count on; 
The Ever Faithful Few. 

They fill the thankless office, 
They’re always on the spot, 

No matter what the evening’s like; 
Be the weather fine or not. 
They’re not fair-weather members, 
They’re tried and they are true, 
The Chaps we can rely on; 

The Ever Faithful Few. 

There’s a lot of other fellows 

Who come when in the mood, 
When everything’s convenient, 
And if they’re feeling good; 
They’re a factor in the Association, 
And necessary, too, 

But the ones who never fail us 
Are the Ever Faithful Few. 


DON’T BE A 


Several hundred good readers of 
Tuts will have their 
names removed from the mailing 
list after they receive the January 
issue, just because they will have 
been a bit tardy about remitting 
1952 dues. Nearly all will be re- 
instated before 1952 is over, to be 
sure, but there are at least two 
good reasons why they should 
maintain their memberships with- 
out interruption, to wit: 


1. Supplies of some back num- 
bers may be exhausted before they 
are reinstated, so that a complete 
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Took Brass to Take Brass 


Apparently the temptation of so 
much brass was too much for someone 
with an eye for a black market Mark 
in metal-short Germany. At least that 
would appear to be the explanation for 
a couple of entries in the 1950 annual 
report of the Wupperverband, trans- 
lated as follows: 


Remscheid-Lobach Plant 

A large part of the brass distributor 
nozzles on the filter beds was stolen in 
October 1950. During the winter of 1950- 
51 these brass nozzles had to be replaced 
with newly fabricated ones .... 
Remscheid-Miihlenteich Plant 

At this plant, also in October 1950, a 
large number of brass nozzles was stolen, 
which had to be replaced with newly fabri- 
cated ones.... 


Incidentally, have you checked your 
own nozzle field since last night? 


“CUT-OFF” 


file for 
nished. 

2. Extra work is required by the 
Member Association secretary, by 
Federation headquarters, and by 
the mailing list clerks at the print- 
ing plant, with chances for errors 
to be made in each place. 


the year cannot be fur- 


*“cut-off’’ is 
Just remit your dues to 
your Member Association secretary 
as soon as you receive your 1952 
dues notice from him—and if you 
receive no notice, send your dues 
to him anyway, without further 
delay ! 


To avoid being a 
simple. 
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Reviews and Abstracts* 


Rivers Department, City of Manchester, 
Englaid, Report for the Two Years 
ended March 31, 1950. 38 pp.; tables. 
This report covers the activities of the 

Rivers Department, which served about 

874,000 population in 1950. The bulk of 

the sewage is treated at Davyhulme. The 

liquid sludge is carried to sea, where a 

depth of 15 fathoms (90 ft.) is available. 

The total flow of sewage ranges from 54.399 

to 55.223 m.g.d. (Imp.), including 5.411 

m.g.d. (Imp.) of industrial wastes. Be- 

tween 1,780 and 2,006 trade effluents are 

examined yearly. The raw sewage con- 

tains from 240 to 255 p.p.m. of B.O.D. 

and 156 to 161 p.p.m. of suspended solids. 

About 11 per cent of the annual flow is 

treated in storm-water tanks, the balance 

being settled and treated by contact beds 
or activated sludge up to their present 
capacity. Three types of activated sludge 
plants are operated (bio-aeration, simplex 
aerators, and diffused air). A new type 
of diffuser is under test, of dome shape. 

The results are summarized as follows for 

the activated sludge plants: 


averaged 49.9 p.p.m. of B.O.D. and 32 
p.p.m. of suspended solids. 

In 1948-1949, 306,573 tons of sludge 
were removed for disposal; in 1949-1950, 
sludge removal totaled 290,000 tons, of 
which the major portion was carried to sea. 

Detritus is dumped on land and covered 
with soil. 

The excess activated sludge is disposed 
of variously—in part to primary settling 
tanks; in part, after thickening and con- 
centration, to sludge digestion tanks or 
lagoons. Only a small part is sent to sea 
after thickening. Sludge digestion deals 
with 120,000 tons per year of mixed sludge, 
with heat for 11 to 12 days. Lagoons 
occupy 11.5 acres, with a maximum ca- 
pacity of 95,000 tons. Since March, 1941, 
about 363,000 tons of sludge have been 
handled. 

The sewage of some 47,000 people is 
treated by the activated sludge process at 
Withington, producing a somewhat better 
effluent than at Davyhulme. 

The report also contains an Appendix 
(No. III) on “The Availability of Nitrates 


Average Results for Two Years Ended March 31, 1951 


Bio-Aeration Simplex | Diffused Air 
1949 1950 1949 1950 | 1949 1950 
Flow (g.p.d., Imp.) 620,000 | 678,000 | 1,159,000 | 1,057,000 | 20,582,000) 21,378,000 
Detention (hr.) 17.8 16.3 13.8 15.1 11 11 
Power (hp./m.g.) 45.1 37.3 26.4 27.5 32.8 35.3 
Effluent: 
Ammonia N (p.p.m.) 22.9 23.1 22.6 23.4 22.3 22°7 
Albumin N (p.p.m.) 1.9 2.3 2.1 2.5 2.2 2.1 
Nitric N (p.p.m.) 1.1 1.3 1.2 1.3 1.1 1.1 
Chlorides (p.p.m.) 271 321 268 326 254 297 
B.O.D. (p.p.m.) 17.6 22.8 18.1 26.1 20.8 19.7 
Susp. solids (p.p.m.) 19.0 28.0 20 25 22 25 
B.O.D. red. (%) 87.8 85.9 87.5 83.8 85.6 87.8 


The activated sludge plants have been 
in use for 15 years. 

The composition of the entire plant 
effluent at Davyhulme in the two years 


in Sewage Effluents,” by C. Jepson and 
G. Greene. The authors discuss various 
claims as to the value of nitrates in an 
effluent and a stream and conclude that 


* Please send to Federation headquarters 


which might be suitable for abstracting in Tats JouRNAL. 


partments, stream pollution control agencies, 
tions are particularly desired. 


all periodicals, bulletins, special reports, etc., 
Publications of publie health de- 
research organizations, and education institu- 


Address such material: Federation of Sewage and Industrial 


Wastes Assns., 325 Illinois Bldg., Champaign, III. 
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the value of nitrate oxygen to a receiving 
stream depends on the condition of the 
stream. If it is reasonably pure, the 
nitrates are of no value as long as dissolved 
oxygen is present. If the stream is de- 
nuded of dissolved oxygen, nitrates may 
be helpful. Experiments are 
on (1) the availability of 
an incubation test, and (3) biochemical 
oxygen The use of a nitrified 
effluent as a diluent has improved the per- 
bio-aeration unit. The 
authors conclude that although oxidized 
nitrogen is a potential source of oxygen, 
the latter does not become available for 
biological life until all the free dissolved 
oxygen has disappeared. 


deser ibed 
nitrates, (2 


demand. 


iormance of a 


Given an ade- 
quate retention period during which any 
dissolved oxygen present is exhausted 
settled sewage may be improved in quality 
by the reduction of oxidized nitrogen pres- 
ent in a filter effluent used as a diluent. 
LANGDON PEARS! 
Sea-Water Intrusion into Ground-Water 
Basins Bordering the California Coast 
and Inland Bays. Water Poll. In- 
vestigations Rep. No. 1, California 
Dept. of Pub. Works, Div. of Water 
Res. Mimeo., 23 pp. and 6. tables 
(Dec., 1950). 


Salt water from the ocean has polluted 
approximately 90,000 acres of fresh-water 
bearing deposits in 13 major and minor 


ground-water basins of the California 
coast and inland bay areas, and threatens 
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December, 1951 


7 other ground-water basins. Continued 
pumping of fresh water in these areas at 
present rates will allow further encroach- 
ment of salt water, resulting in widespread 
deterioration of fresh ground-water sup- 
plies. The most serious invasion to date 
is in the overdrawn West Basin, in Los 
Angeles County, and the Central Coastal 
Basin, in Orange County. 
Possible methods of control include: 


1. Raising ground-water levels to o1 


above sea level by reduction or rearrange- 
ment of pattern of pumping draft. 
2. Direct recharge of overdrawn aquifers 


to maintain ground-water levels at or 


above sea level. 

3. Maintenance of a fresh-water ridge 
above sea level along the coast. 

4. Development of a pumping trough 
adjacent to the coast. 
5. Construction of artificial subsurface 


dikes. 


Under the present law, no administra- 
tive agency of the state is empowered to 
take all steps to 
prevent intrusion. 
legislation has been suggested. 


correct or 
Remedial 


necessary 
sea-watel 


[Note by abstractor 


was considered by 


The general problem 
the Burr-Hering-Freeman 
Report on Additional Water Supply for New 
York City, Nov. 30, 1903 (pp. 390-428), in 
connection with wells along the south shore of 
Long Island, in a part of the Brooklyn, N. Y., 
water supply system. ] 


LANGDON PEARSE 
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PICTURE OF EFFICIENT, DEPENDABLE, 
CONTROLLED DIGESTION 


THE MAKING 


Engineers are: 
Bogert-Childs 
Engineering Associates, 
Consulting Engineers. 


Siown above, are four P.F.T. 80- 
foot diameter Floating Cover Digest- 
ers under construction for the Over- 
peck Valley Sewage Treatment Plant, 
Bergen County, New Jersey. The 
Floating Covers are ruggedly con- 
structed from materials and designs 
developed as a result of over a quar- 
ter century of cover building experi- 
ence and literally thousands of in- 
stallations. 

These digesters with four P.F.T. No. 
423 Heat Exchangers, P.F.T. Selectors and 
Gauges and P.F.T. Gas Safety Equipment 
will provide the ultimate in a Controlled 
Digestion System with built-in flexibility 
for present and future needs. 

Each of the P.F.T. No. 423 Heat Ex- 
changers, shown at right, has a rated 
sludge heating output of 873,000 B.t.u. 
per hour and is provided with automatic 
controls to maintain within 1 degree the 


PACIFIC FLUSH TANK CO. 


Waste Jreatment Equipment Exclusively Since (893 


4241 RAVENSWOOD AVE. 
MEW YORE @ LOS ANGELES © SAN FRANCISCO © CHARLOTTE, W. C. © JACKSONVILLE © DENVER 


temperature of one of the digesters by cir- 
culating the digester contents through the 
Heat Exchanger. Waste heat from the 
sludge gas engines is utilized by circulat- 
ing the engine jacket cooling water through 
the Heat Exchangers. 

Here again P.F.T. equipment based up- 
on P.F.T. experience gained in developing 
this modern method of external sludge 
heating and hundreds of successfully op- 
erating installations assures efficient and 
dependable operation. 


CHICAGO 13, ILLINOIS 
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Proceedings of Member Associations 


GEORGIA WATER AND 
SEWAGE ASSOCIATION 


The 1951 Annual Meeting of the 
Georgia Water and Sewage Associa- 
tion was held in connection with the 
20th Annual Georgia Water and Sew- 
age School at the Georgia Institute of 
Technology, Atlanta, Ga., September 
19-21, 1951. <A total of 302 persons 
were registered for the school. 

Following an address of weleome by 
Blake R. Van Leer, president, Georgia 
Institute of Technology, papers and 
demonstrations were given on Septem- 
ber 19 as follows: 


‘*Water and Sewage Plant House- 
keeping,’’ by Paul Weir, general man- 
ager, Atlanta Water Works. 

‘*Elements of Water and Sewage 
Hydraulies,’’ by R. E. Stiemke, Geor- 
gia Institute of Technology, Atlanta. 

**Chlorination of Water and Sew- 
age,’’ by Harry A. Faber, research 
chemist, The Chlorine Institute, New 
York, 

**Selection, Operation and Mainte- 
nance of Pumps,’’ by John R. Purser, 
Jr., president, Purser and London, 
Ine., Charlotte, N. C. 

‘‘Quality Protection of Georgia 
Streams,’’ by W. H. Weir, Georgia De- 
partment of Public Health. 


The session ended with a demonstra- 
tion of sewer cleaning by rod ma- 
chine, by R. W. Thomson, Roto-Rooter 
Service, Atlanta. 

The morning session on September 
20 included papers as follows: 


“Differentiating Chlorine Com- 
pounds,’’ by R. 8. Ingols, research pro- 
fessor, Georgia Institute of Technology, 
and A. T. Storey, chemist, Atlanta Wa- 
ter Works. 

**Cathodie 
Storey. 

‘‘Bacteriology of Water and Sew 


Protection,’’ by <A. T. 


age,’’ by H. A. Wyckoff, Georgia Insti- 
tute of Technology. 

‘*Chemistry of Water and Sewage,’’ 
by H. B. Friedman, Zep Manufactur- 
ing Corp., Atlanta. 

“Sterilization of Mains, Tanks and 
Wells,’’ by Sherman Russell, superin- 
tendent of filtration, Atlanta Water 
Works, and John M. David, Layne- 
Atlantie Co., Albany. 


This was followed by an inspection 
tour of chlorine and ammonia cylinder 
filling equipment of Tesco Chemical, 
Inec., Atlanta, where a buffet lunch was 
also enjoyed. 

The afternoon of September 20 was 
devoted to an inspection of the Atlanta 
water purification plant and the new 
Construction Division building. 

On September 21 concurrent sessions 
for advanced, basic, ground water, and 
sewage sections were held. 
demonstrations at these 


cluded: 


Papers and 
sessions in- 


‘*Radioactive Materials and Their 
Effect on Environmental Health,’’ by 
Conrad P. Straub, sanitary engineer, 
U.S.P.H.S., Oak Ridge National Labo- 
ratory. 

‘Water Treatment Units,’’ by Rich- 
ard H. King, Institute of 
Technology. 

‘*Coagulation Tests,’’ by N. M. de- 
Jarnette, Georgia Department of Pub- 
lic Health. 

‘‘Plant Control Tests,’’ by E. Me- 
Entire and N. M. deJarnette, Georgia 
Department of Health, and A. T. 
Storey, chemist, Atlanta Water Works. 

‘‘Relationship of Geology to Water 
Wells in Georgia,’’ by S. M. Herrick, 
Georgia Department of Geology. 

‘‘Construction and Operation of 
Wells,”’ by John L. Snow, Layne- 


Georgia 


(Continued on page 486a) 
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The old courthouse in St. Louis as it looked 100 years ago 


S.. Louis, Missouri has a cast iron water 

main in service that was installed more than 

100 years ago. That isnot surprising as St. Louis 

is one of our oldest cities, founded by the 

French and taken over by the U.S.A. with the 

Louisiana Purchase. Yet this old main is 

still withstanding the traffic shock and beam cast iron 
stresses imposed by multi-ton trucks and congested 
underground utility services in a great 


manufacturing city. More than thirty other PI PE 


POR WATER GAS. SEWERAGE 
American cities have cast iron water AND INDUSTRIAL SERVICE 


and gas mains in service that were installed 
over a century ago—indisputable 

testimony to the strength factors of long 

life inherent in cast iron pipe. 

United States Pipe and Foundry Company, 
General Offices, Burlington, N. J. Plants and 
Sales Offices Throughout the U. S. A. 


NUMBER TWELVE OF A SERIES 
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Central Co., Montgomery, Ala. 

‘‘Deep Well Pumps,’’ by John L. 
Snow. 

‘*Quality of Ground Water,’’ by N. 
M. deJarnette. 

‘‘Introduction to Sewage 
ment,,’’ by R. E. Stiemke. 

‘‘Operation of Imhoff Tanks,’’ by 
W. B. Williams, Georgia Department 
of Health. 

‘‘Mechanical Clarifiers,’’ by R. E. 
Fuhrman, superintendent, District of 
Columbia sewage treatment plant. 

‘*Sludge Digesters,’’ by R. 8. Ingols. 

‘Detecting Distribution System 
Leaks,’’ by W. D. Hudson, The Pitome- 
ter Co., New York, N. Y. 

‘*Trickling Filters,’’ by Richard H. 
King, Georgia Institute of Technology. 

‘*Miscellaneous Sewage Plant Units,’’ 
by C. E. Drummond, Weideman and 
Singleton, Atlanta. 

‘*Effeets of Industrial Wastes on 


Treat- 


Sewage Treatment,’’ by Harold R. 
Murdock, chemical engineer, Robert 


& Co., Atlanta. 
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‘*Panel Discussion—Improving Taste 
and Odor of Ground and Surface Wa- 
ters,’’ by R. S. Ingols, H. A. Faber, 
T. A. Jones, A. T. Storey, and F. M. 
Hull. 


Examinations for operators’ certifi- 
cates were held at the close of the 
technical sessions. 

The conference closed with the An- 
nual Association Banquet and Business 
Meeting, at which the dinner was fur- 
nished through the courtesy of the 
Southern States Chemical Co., Atlanta. 

Officers elected to serve during 1951-— 
52 were: 

President: V. D. Parrott, Jr., Dalton. 

1st Vice-President: L. C. Bowen. 

ond Vice-President: S. Russell, 
lanta. 

Secretary-Treasurer: A. T. Storey. 

Asst. Secretary-Treasurer: I. C. Kelley. 


At- 


A. T. Srorey, 
Secretary-Treasurer 


dustry. 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized"’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 


We will be pleased to quote on any type of 
water controlling equipmeiit. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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SEWAGE 


Nichols Mul 


Sewage Sludge Incineration 


is the answer to... 


ge sludge incinerated. 
h low maintenance costs. 


chanical stoking. 


1. Low cost per ton of sewa 
2. Trouble free operation, wit 
3. Lower labor costs through me 
A, Elimination of odor and fly ash nuisance. 


5. Compact, attractive plant design. 
always ready to 


Nichols Engineers are 
assist in solving municipal and indus- 
trial sewage sludge disposal problems. 


Nichols 
ngineering & Research Corp. 


70 PINE STREET, NEW YORK 5, N. Y 


1920 N. Meridia 
n St., Indiana 
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Large or small... you can solve your sewer problems 


with CONCRETE PIPE 


HETHER your immediate sewer 

need is a large diameter storm sewer 
or a smaller sanitary sewer for domestic 
wastes concrete pipe is the ideal answer. 
Here are the reasons why; 


@ Its uniformly dense structure and joints 
that can be made watertight assure mini- 
mum infiltration and leakage. 


@ Its smooth interior finish resists the 
wearing action of abrasive matter and 
provides maximum hydraulic capacity. 


@ Its great strength resists severe impact 
and sustains heavy overburdens. 


@ Its unusual durability enables it to give 
many long years of heavy-duty service. 
Many concrete sewers have given a cen- 
tury of unexcelled service. 


Concrete pipe is economical, too, because 
its first cost is moderate, its life is long and 
its maintenance low. These three factors 
result in low-annual-cost sewer service— 
the true measure of pipe line economy. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Avenue 
Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement 
and concrete...through scientific research and engineering field work 
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1s 248 GAS PIPING SCHEMATIC 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipmeut incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 


GAS EQUIPMENT 
SPECIFICATIONS 


@. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 


“VAREC” Fig. No. 440 


. FLAME TRAP ASSEMBLY 


“VAREC” Fig. No. 450 
FLAME CHECK 

“VAREC” Fig. No. 52A 
EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 


the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 


e. WASTE GAS BURNER sewage service. This element is the same as that 
“VAREC” Fig. No. 236 used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
“VAREC” Fig. No. 245 leum product storage. 
(automatic) 


“VAREC” Fig. No. 248 
(hand operated) 


MANOMETERS 


“VAREC” Fig. No. 216A 


PROVED ons APP 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S. A. 


New York * Boston 
Tulsa * Casper, wre. © * Seattle 


Available from authorized Sewage Equipment 
agents throughout United States ond Canada 
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Select from this list of five different types 
and you will get the best type for your 
particular problem whether if4S trash, 
garbage, sewage sludge, institetional 
organic matter . . . separately oF in 
combination. = 
® For Garbage and Rubbish =. 

(1) Cell and Hearth ‘ 


(2) Circular Hearth and 
Mechanically Stoked oy 


@ For Sewage Sludge Drying and/or 
Burning 
(3) Multiple Zone Furnace—Mechan- . 
ically Stoked ‘ 


®@ For Garbage, Rubbish and Sewage 
Sludge 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 
® For Garbage and Trash (individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 
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PEKRUL MODEL 56 GATES with 
Philadelphia Limitorque Model 
M30 Motorized Lifts in operation 
at Denver Sewage Disposal Plant. 


PEKRUL GATES are engineered to 
meet the most rigid requirements 
for: 


Flood Control 
Levees 

Irrigation 

Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 


Oil Refineries } 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools i 
Cooling Towers 

vision 


pEKRUL GATE D 


BROS. MACHINERY CO. 
DENVER, COLORADO 


Write jon Catalog 47 
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DIRECTORY OF ENGINEERS 


(Continued through page 497a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, IXDUSTRIAL 
REFUSE INC TNERATORS 
DUST RIAL BUILDIN 
CITY PL ANNING VAL TIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louls RB. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Bullding Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineere—Airport Design—Sewage Disposal 
Systeme—Water Works Design and Operation—Surveys 
and Maps—City Planning—Highway Design—Construc- 
tion Surveye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. 0. Box 87 Crystal Lake, Illinols 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 
L. Booert Ivan L. 
J. M. M. Greie Ropert A. LINCOLN 
DonaLp M. DitmMaRs ARTHUR P. ACKERMAN 
Water and Sewage Works 

Refuse Disposal Industrial Wastes 
Drainage Flood Control 

624 Madison Ave, New York 22, N. Y¥. 


SEWAGE - WATER 


4706 Broadway 


BLACK & VEATCH 
Consulting Engineers 
ELEctTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply-—Purification 
Refuse Disposal—Analyses 

Municipal — —Industriel Projecta 

Valuations—Reporte— Designs 


110 William Street New York 7, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Take advantage of the services of these outstanding consultants! 
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FRANCIS L. BROWN 


Consulting Engineer 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 


Industrial Wastes Problems Railroads 
46 Cedar Street, New York 5, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Valuations and Reports 
Chemical and Biological Laboratories 


112 Fast 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Airports Municipal Engineering Supervision Kansas City 2, Mo. Cleveland 14, Ohio 
584 E. Broad Street Columbus 15, Ohio P.O. Box 7088 1404 E. 9th St. 
CAMP, DRESSER and McKEE CAPITOL ENGINEERING CORPORATION 


Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
ontrol 


6 Beacon St. Boston 8, Mass. 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineratign—Gas Systems 

Valuations—Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Pensa. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 


Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—aAirfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 


Cc. liing Civil Eng 8 and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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DE LEUW, CATHER & COMPANY 
FREDERICK H. DECHANT water 
u 
ENGINEER 7 
eparations— ges—Subways 
Chairman of the Board, Frederic R. Harris Inc. Toonl Tranapertation 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


CATHODIC PROTECTION ONLY $60 PER YEAR 

is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 


Electro Rust-Proofing Corp. (N J.) sewage works field and will afford 


Belleville 9, New Jersey maximum prestige! 


Engineering—Surveys—Design— 
Installations 


FAY, SPOFFORD &2 THORNDIKE 
ENGINEERS 
CHABLES M. Sporrorp RALPH W. Horne FREESE, NICHOLS AND TURNER 
JOHN AYER WILLIAM L. HYLAND 
Bion A. BOWMAN Frank L. LINCOLN Consulting Engineers 
CARROLL A. FARWELL Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 2111 National Standard Building 
Sewerage and Sewage Treatment—Airports Houston 2, Texas 
Investigations and Reports Design 7 
Supervision of Construction Valuations CH-1624 
Boston New York 


EDWARD A. FULTON GANNETT FLEMING CORDDRY 


& CARPENTER, INC. 
Censulting Engineers ENGINEERS 


Investigations, Reports, Valuations, De- Water Worke—Sewage 

sign and Construction—Water Supply and Industrial Waste & Geseme Disposal 
Purification Plants; Sewerage and Sew- Roads—Airports—Bridges & 

age Treatment Works; Municipal Pavin Flood Control 

and Power Developments; Dams an Town Planning Appraisals 

Flood Control Investigations & Keports 
Harrisburg, Pa. New York, N. Y. 
3209 Brown Read Saint Louis 14, Missouri Scranton, Pa. Pitteburgh, Pa. 


Water Supply and Purification Consulting Sanitary Engineers 

Sewerage and Sewage Treatment 
Sewage and Industrial Waste Treatment Water Bennie ond’ Pasthontion 
Chemical Laboratory Service Industrial Wastes Disposal 


Investigations and Reports Design, Construction, and Supervision 


New York Washington of Operation 
Houston BEADING, PA. philadelphia 1001 N. Front Street Harrisburg, Pa. 


WILLIAM A. GOFF, INC. GRAHAM, CROWLEY & 
General Engineering and Consulting Services ASSOCIATES, INC, 
Water, Sewerage, Refuse Incineration Consultants to Electroplating Industry 
Industrial Buildings, Power Plants Sanitary and Construction Engineers 
Airports, Town Planning ard Metal 
Plans, Supervision, Valuations, Reports Wast- 
504 Keystone State Bldg., hleago 11, TL 
Philadelphia 7, Pa. “dntewn, Pa, 


Take advantage of the services of these”outstanding” consultants! 
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GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Hansen (1920-1944 
Thomas M. Niles Samuel M. Clarke 


bee Supply, Water Purification 
"Sewage T Treatment 
Flood Contre rainage, Refuse Disposal 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 


W. L. Havens C. A. Emerson 

A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 


Leader Bldg. Woolworth Bidg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Hayprn 


810 Park Square Building, Boston, Mass. 


CHARLES HAYDOCK 
Consulting Engineer 
Water Works and Sanitation 
Industrial Wastes 


Design, Operation and 
Management 
Reports and Valuations 


2314 Girard Trust Co. Bidg., Phila. 2, Pa. 


RICHARD HAZEN 
Consulting Engineer 
Municipal and Industrial Water Supply 
and Treatment 


Sewage and Waste Disposa 


C.W.Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and eo Sewers, Sewage 


Reports, Design, Construction, Operation Tecntment, Reperte, Diced Cantest, 
110 East 42nd St. New York 17, N. Y. Standard Oil Bldg. Omaha 2, Nebraska 
HITCHCOCK & ESTABROOK, INC. CONSULTING ENGINEERS 


Lester D. Leg, ASSOCIATE 
Consultants to Municipalities since 1920 : 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 


241 Sheridan Road 300 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


HORNER & SHIFRIN 
Consulting Engineers 


W. W. BE. BE. Bross 
H. SHIFRIN Vv. C. LiscHer 
Airports — Hydraulic Engineering — 


Sewerage and Sosege Treatment — 
Water Supply — Engineering 


Shell Building, Bt. Touts 8, Missouri 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
rage & Treatment 
Waste Disposal 


Security Bidg Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 

Since 1906 
Water Supply and Purification, 


Bewage tment, Garbage 
i and Industria! 
Buildings. 


TROY, N. ¥. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supe jon of Construction an 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 


495a 


3 
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Water Works—Sewerage 
Civil—Mechanical 
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Combustion dnc. (Flash Dryer Div.) 


4085 
General Chemical Division (Aitied & Bye Corp.) ee > 


Rockwell Metvlactamg Company (Nordstrom Valwy Divigion) 

Vorthingios Pucp -Mackigery ‘Corporation (Publ; Works Div Div.) 


DIRECTORY OF pp. 4920-4978 


Albright & Inc. “Greeley & Hansen 
Alvord, Burdich @ Howson “Havens and Emerson 
Baker, Rayden, & Bochum 


Burgess & Niple Kennedy, Clyde C. 


Fay, Spoliord 


Cone & Carpenter Ine. “Stiteon, Alden E., & 


PATRONIZE OUR support makes possible the pub>_ 
AND INDUSTRIAL WASTES, 


|. 
a 
Bea, W. H. & Hazen. Richer | 
Consoer, Townsend & -Ageeclaten Parsons, Brinckerho#, Hall & 
De Leww, Cather & Company . Riddick, Thomas M. 
4 


TO OPERATE A SEWAGE PLANT, 700 


Modern equipment, such as as new W&T Visible 
Vacuum Chiorinator equipped for, aptematie 
er program coitrol, can facilitate the jen 
operating almost any sewage plant. 


For example, take a look at some of this. jops. 
W&T Chlorinator can do and: do. well, 


Disinfect Effiuents — 
Control Odors 

Reduce Hydrogen Sulfide © 

Prevent. Siudge Bulking 

Reduce B.0.D. 

Improve Sedimentation 
Minimize Grease Content: 


Moreover, a W&T -Chicrinator will costume 
dependable, accurate chlorination with «sind 
mum of attention and maintenance — apothet 
factor all operators appreciate. 


WALLACE & TIERNAN 


COMPANY, 
AMD CHEMICAL CONTIOL 


WET PROGRAM CONTROL 
VISIBLE VACUUM CHLORIMNATOR 


4 
& 


